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A PROCESS FOR PRODUCI NG DI ALKYL TI' N DI ALKOXI DES
Technical Field The present invention relates to a
process for producing dialkyl tin 5 al koxide
conmpounds as a catal yst for use in the production of
esters and carbonic acid esters, and to a process for
produci ng esters and carbonic acid esters using the
di al KNPROCES S FIOR PRODUIGING DAL 4L N aHALKOXIDES
Di al kyl tin dial koxides are extrenely useful as
catal ysts such as ester synthesis catalysts, carbonic
acid ester synthesis catal ysts, ester exchange
Té@HiddiFelgat al ysts and silicone pol yner or urethane
curing catalysts. In particular, in addition to

car 4Rl Grehd ifvdiich Helatds 45ed Bn%c%ggifoirvﬁr%dﬁgir?]\g; Galky! tin

gasol 1 ne a ditives tor | Mpr ovi ng oct ane val ue

iesel fuel -additives_for reduci [ S
aRR38) oyl 4, dolereBle 15 LR B Mk PPLUGIOE of BE5yS ano
as al kyl.ation agents, carbonyl atiopn agents or solvents .
caRaRIACiH i qaleTgu AN JO 2 PIRAGSSITer BTOGHSINE. S5 165 AnGecarbonic acid
ur et hanes, pharmaceuticals, agricultural chemicals
estREp Usina the digdikyl dincialkexide LOMPOURSSL i t hi um battery
el ectrolytes, lubricating oil raw materials and raw
materi al s of deoxygenating agents for rust 20
prevention of boiler pipes, thus resulting in dialkyl

Batckgrduad ldei des attracting attention as synthesis
catalysts in particular. For exanple, International

PubDifIRjli 9 difikoME2 e/ SakRidAblydissfuP a8 ScaraRERCEG6h far ester
producing a carbonic acid estér conprising reacting

SRS AR CHRGIEDEE ey PSR Gamld, ebep excnange
O ERahR e, Silfon?oplRoef shiale, BB hotehey
oSS SR SRS Sk 0e B i 6 s such as
gasoline additives for improving octane value and diesel fuel additives for
reducing particles levels in exhaust gas, these useful compounds are also
used as alkylation agents, carbonylation agents or solvents and the like during
synthesis of polycarbonates, urethanes, pharmaceuticals, agricultural
chemicals and other organic compounds, or as lithium battery electrolytes,
lubricating oil raw materials and raw materials of deoxygenating agents for rust
prevention of boiler pipes, thus resulting in dialkyl tin dialkoxides attracting
attention as synthesis catalysts in particular. For example, International
Publication No. WO 2003/055840 discloses a process for producing a carbonic
acid ester comprising reacting an organometallic compound containing dialkyl

tin dialkoxide with carbon dioxide followed by thermal decomposition of the

formed addition product.
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and renoving the resulting | ow boiling point conponent
that contains water fromthe reaction liquid (refer
to, for exanple, US Patent No. 5545600, 5
International Publication No. WO 2005/111049, Japanese
Patent Application Laid-open No. 2005-298433, Journal
of Chem cal Society, 23 (1971), 3972, and Journal of
t heAChenverdionallg i knownfproagss for Ipradecing atiatiys rtirs tchiglkoxides
72, 7 (1969), 1543-1549). Processes for producing the
c@i‘hphk@é chirgingicit laodéttieisation tdectiodadfydialkylitimoxides andralcohols
of the dialkyl tin oxides and the al cohols are
aid §BHIBFhd thel PefatinglUbwi BilingNpoRRCEAPENERIC iR atbiitdifls water

dehydratlon as shovvn inthe Tollowng fornula (1)
E'( Ptt %oR &dampien"u us H P‘%%rﬁlmoR 5545600
wher nd R represenf al'’kyl” groups)

BY r o
'r%%rmépén@ uﬁl&%@#@ F? W 2003 TTE0 e PR Appiication
cqnt ai n dratio eacti ops via
Laighonen 5 AR RS molrBal pb ciericel Boek %3 ge7n. 3072
f or mul as (2 and (3): = R Sn=0 + 2 37
and JRUnalts teerChemibat Sorely 56 JARRB: oA FgChemisty, 72, 7
represent aI kyl groups); OR R Sn~0O-Sn\ + 2 R OH 5n(
(196820 H3-1549R cﬂmce&s)s fooproduring thecdialiy! tin gialkexides by the
represent al kyl groups). Although dialkyl tin

deladration desctioneofithe dlialkyl tiwhokides eamoMihecaloshas ar@ presumed to
generated from each dehydration reaction outside the

bé gjuftibriuf Rsitions Aicebipahying dehydration as shown in the following

formula (1) below:

R R OR'
~
_Sn=0 + 2ROH \Sn< + H,0

R R~ TOR (1)

(wherein R and R' represent alkyl groups).
The above equilibrium is biased overwhelmingly toward the reactants,
and is presumed to further contain successive dehydration reactions via

tetraalkyl distannoxane as shown in the following formulas (2} and (3):

R R\ 0 /R
. -— S
2 Sn=0 + 2ROH —= P SNg T O
R R | (2)
OR' OR'

{wherein R and R' represent alkyl groups);

R R R, OR
;Sn/ 0\8n< + IJROH —= Sn< + HyO
R R R/ OR' (3)
OR' OR'

(wherein R and R' represent alkyl groups).
Although dialkyl tin dialkoxides are produced while removing water

generated from each dehydration reaction outside the system in order to obtain
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2 the dialkyl tin dialkoxides at high yield, since
this reaction is disadvantageous in terns of the
reaction energy, the reaction is required to be
carried out at a high tenperature (for exanple, 1800
for a long period of tinme. On the other hand, when
di al kyl tin al koxi de conpounds (such as dlalkyl 5tin
the dialkeyk tidediplkaxideneatthigh tyigldf sincesthispleactiam ési disegigantageous
variants are known to be forned such as trialkyl tin
iretetmnsi ofetheh@aiction iemeegy, dhé yeacticruissrenuiredstorisg eatried out at a
atom (see, for exanple, Journal of the Chem ca

]
B A 1 S A A Fi

typ?)rpope bRt h RB We}“ﬁﬁlél{i{giﬂ?éﬁ(o&f f‘ﬁdﬁr}ﬁk)ohh&‘s (such as dialkyl

al koxi1 des are orhed presumne 10 al

o P PRI or e B o e
e e L S P

di st annoxane, or variants for b .
alam §sepJer ie¥arnlenounat PhinesGhe r@@%@u 9fyJanae - Industrial
followng formula (5) in the case said dialkyl tin
Caenusdndagz g (319@Bh|1<§4 -1548)di Ailthoxphdt isart geay as¥o the type of
ioS. RR n\ R+ n~0 1-1 30 RR OR OR 15 and so on
re(afb)ioan;Rvm?c_h OkeseRtrialkyDRin &lkokidRs are3former) itnisRpresuimed that
ROR R and so on (5) (wherein Rand R represent
alkyK\Yrogpo wre) transferred, for example, and variants are formed by a

disproportionation reaction as represented by the following formula (4) in the
case said dialkyl tin alkoxide is a tetraalkyl dialkoxy distannoxane, or variants
are formed by a disproportionation reaction as represented by the following

formula (5) in the case said dialkyl tin alkoxide is a dialkyl tin dialkoxide:

' R'Q
R« R R OR
S — e
R | | "R s /o
R R R
OR' OR'
and so on (4)
R'O
R ] R OR' OR'
2 Sn/OR —_— ~vn” \/
Sn + Sn—_ \
R R R OR
R
and 50 on

(5)
(wherein R and R' represent alkyl groups).
According to formula (4) above, a trialkyl tin alkoxide and a monoalkyl

compound having a singte alkyl group on a single tin atom are presumed to be
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According to forrmula (4) above, a trialkyl tin
al koxi de and a nonoal kyl 20 conpound having a single
al kyl group on a single tin atomare presuned to be 3
fornmed as variants of tetraal kyl dial koxy
di stannoxane. In actuality, since the inventors of
the present invention have confirned that trialkyl tin
fomineoxasigariants ofHtetrhalkyl tiatgxyadistanhbrame nplonactuslityy since the
included in variants of the tetraal kyl dial koxy
inYEBtoRE B0 X pFasenb hvieingibn izivel cumfipaiedtthad thiatkgirtinratkdxidess and
assumed to 5 correspond to the nonoal kyl conpound.
hfgﬁws&mh% BEiRt Shr HGﬁ'nPbﬁeﬁfs BRE iMdiged iROkdridils RS thie tdtrhalkyl
onponenht assuned o correspond to the nonoal kyl
U ¢ i denidfi c _
IERERE RefErifios, e RighCBBfinG yFint fi arfgnent is assumed to
al koxi d nd._nongal kyl tin . al koxi des are fornmed from
cramed B HeamarRalY mPadhg ot r uct ure of t hese
varjants 10 presuned t e sai d.nonoal kyl tin
o kbvisiier 1Be SEietEa thedvarty BOHNGTING 1 faimPoRept assumed
such variants is also confirned in, for exanple, the, .
topeerEesronst tortheumenegliyl sorpoupd has yetdedeidendidied.  Similarly,
described above, and in processes for producing .
althouginivariaotsd pesswmed blp beatridllng tim alkexidesreand Imenoalkyl tin
compound cont ai ni ng di al kyl tin dialkoxides with
alkexides ané darinoked frohd diatky! tiy didlkoxitdes, the strecturp ad thesenvariants
of the formed addition product. Trialkyl tin alkoxides
pRISENMEPbé Saidanenaalkin aRBkideBMRs iRt ibeehYidétified.
produce carbonic acid esters in the production of
car | ; ! ; nal le, th
Wgeﬁéﬁghgneﬁ §hch %ggﬁ%gefée?@fboESEHVﬁ%q %R R "example, the

di oxi I'n conpoun r exanpl e, Journa
f i i cal | et 21 (199 :
pegst T ot PHRAGHAECRIE B gakiohs 28 odpaqrbis abold, and in
i ncluded in said vari,ants fo ich the structure has .
PIRERSES o, PO SaHSHTIE et SSiprScb dsastng By DEaBRfetatic
poor ability to produce carbonic acid esters jn the
cernpaued i entainingadiadi dinadiatkqxddes withy carbgp: digxidssfallewed by
carbon di oxide and tin conpounds (see, for exanple,
thesmahdeeorpposition of the formed addition product.

Trialkyl tin alkoxides are known to have an extremely poor ability to
produce carbonic acid esters in the production of carbonic acid esters by
reaction between carbon dioxide and tin compounds (see, for example, Journal
of American Chemical Society, 121 (1999), 3793). In addition, high boiling
point tin components, included in said variants for which the structure has been
unable to be identified, also have an extremely poor ability to produce carbonic
acid esters in the production of carbonic acid esters by reaction between
carbon dioxide and tin compounds (see, for example, Japanese Patent

Application Laid-open No. 2005-298433).

In this manner, since variants do not demonstrate reactivity in the
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Application Laid-open No. 2005-298433). 25 In this
manner, since variants do not denonstrate reactivity
in the 4 production of carbonic acid esters by the
reacti on between carbon di oxide and tin conmpounds, if
variants are formed in the production process of said
carbonic acid esters, variants of dialkyl tin al koxide
pmaigetion df caebomig atinvestars by the reantiombetweenteanbon dioxide and
repeatedly using alkyl tin al koxide conpounds, 5
tifh hesrapyui@s ulft vagants areddemeed ani the ppodudtione progessi of said
the formof dialkyl tin dial koxide conpounds, and in

cé:;b'bﬂlc,c BRI Bteds Jp&iARS Sof auallm tieakbkidle EamBoands Hairl low
the carbonic acid esters. 'In such cases, although a

SR S ST 01 g iounds,
BRI iﬁ?%ﬁ%@ﬁ”@‘iﬁﬁ%ﬁ?@%ﬁﬂ”m&ﬂ*ﬁ g bl o

cnt| U|n dd fresh dial k tin al koxi
ghponede and T vBSaRNg Ao drres 1 The,rgastion rate or
anount of degradation products of |ow actjvit .
yigtt \@futhe: icagPanic (arid resters. onins pYea n¢ases, aﬁiﬁﬂoﬁlggna mathed is

in the case of renmobving a portion of a mixture
typidatly emploget owhith cumprisesiaddiogra amail neunti @frffeﬁ'b\ﬁla'kyl tin
di al kyl tin al koxi de conpounds fromthe reaction
alkpsidentdrbpobnds imddderoto’ make thealclagtion irateahhd wield constant, if
conmpounds to maintain a constant concentration of

vﬁ'héﬂt&ﬁretléﬂ A 1s0Whilke siApRstiflinuing tie ad@ drdghodiatikys tianalkoxide

dition to the renoved variants of the dialkyl

Poﬁh&?xfr@?ecrﬂ?? Fs'or i OPFBtﬂQm ¥P3! Rirge idneSurit"§f degradation

Ive formin e dialkyl™tin al koxi de

SR AR B SSRGS B o, oven
rﬁ@\ﬁgeSSI ng {ﬁ@&%ﬁé% ﬁ@};ﬁ&j&{%ﬂh&é?%ﬂ@% & ¢8mpounds

Internati onal Publication No. WO 2004/ Oé_484
contaEtng vagaals afdiakyblin gikoxisie empoBnd® e remtlen system

specifically,
while adding fresh dialkyl tin alkoxide compounds to maintain a constant

concentration of dialkyl tin alkoxide compound in the reaction system, in
addition to the removed variants of the dialkyl tin alkoxide compound becoming
waste, since the active form in the form of the dialkyl tin alkoxide compound is
also removed and discarded, significant problems occur in terms of costs and
waste processing.

Several solutions to the above problems have been previously proposed
(see, for example, International Publication No. WO 2004/014840 and
International Publication No. WO 2007/097388). More specifically,
International Publication No. WO 2004/014840 proposes a method used in the

production of carbonic acid esters using dialkyl tin alkoxide compounds
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I nternational Publication No. WO 2004/014840 proposes
a nethod used in the 25 production of carbonic acid
esters using dialkyl tin al koxide conpounds 5
contai ning thermal denaturation products of dialkyl
tin al koxi de conpounds for separating trialkyl tin
conpound conponents fromdial kyl tin al koxide

contaping therowl deinaturgtismipdod uats wf dialieyl dinualikokide compounds for
products to prevent their accunulation in the

seg@ratingn tdglkyletin Homepound scowpohents rorhi wigallgi tin talkoxide
5 conpounds having an unidentifiable structure

c69pbahas kdritainitig 88IdS tRérmidledeshitatation brddltkasi grevent their
conpounds are unable to be renoved, the accunul ation

uli%'h thsth%f réHchibkYs sttér‘ﬁ alkﬁiff‘é\%?ne%ﬁﬁgoﬁpﬁsb&ﬁﬁ@cﬁomt tin

e corrp prevente W th S

%ﬁ*@éﬁé@%&%ﬂﬁ%t%v‘éﬂﬁ pinghiel 5&5%@? ﬁ%“%%@‘?e@o%"a"*s of the

0 fornmed via dialKky L n, al kox ofpounds
TR wd%camaﬂunaﬁﬁr&% 168 Fnedy I Hekmylation of
reacting a dialk tin al koxi de congound and variants, |
vapiants of %iaéksﬂ;tm al%/wm kemRRLInds F3HDRLDLE completely prevgried with

the reaction systemw th an al cohol and/or carbonic
thigmetked.er (see International Publication No. WO

2007/ 097388). According to this nethod, 15 the problem

of {irhadditionythef invenfons offi¢thd present inventidnadisgloseéd a method for

al koxi de compound being discarded with the variants

séparafifglandtrecovéring pbdutty folrﬂ‘redivhsdiﬂkyﬂtnﬁdalmdmdé compounds
al koxi de conpounds to be selectively discarded

inHeE Bfm &f H%kwa%e%?élﬁoxuﬁfes IEF ﬂb%mﬁnl} rEaéﬂlr\ifXd ‘éﬁ’alkyl tin

conmpounds cannot reused probl ens o; cos
<HERE, AT b BB o B g1 R e e
A LR S Rl S e e oo

formlnthe rm of dialk tin_al koxi

irawa'asenweay%catwnt he” 3Rl 2007 loR73R55 x Adraramg iaithis method,

the problem of the active form in the form of the dialkyl tin alkoxide compound
being discarded with the variants is resolved, enabling only variants of dialkyl
tin alkoxide compounds to be selectively discarded. However, since variants
of the dialkyl tin alkoxide compounds cannot be reused, the problems of costs
and waste processing remain.

On the basis of this background, there is a need for the development of a
technology that allows variants of dialkyl tin alkoxide compounds to be
regenerated into an active form in the form of dialky! tin alkoxide compounds
and be reused in the production of carbonic acid esters.

Proportionation reactions, which are the reverse reactions of the

above-mentioned disproportionation reactions, are used as a method to obtain
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Proportionation reactions, which are the reverse

reactions of the 25 above-nentioned

di sproportionation reactions, are used as a nethod to
obtain 6 dialkyl tin conmpounds from m xtures of two
types of conpounds having different nunbers of alkyl
groups on the tin atom For exanple, in the case of

dialkyl Hin | ctenpoundsufden widdutes! of | twoo types iof tompeungy having
proportionation reaction between trialkylchloro tin
diffecert! nurhibersadfl aikyd groupsasn e tinatomed Foy examdle] indhe mgse of
5 formula (6) (see, for exanple, Japanese Patent

tlﬁm@uué aidnmbdrﬂisddfswlcm!@ro tifMs $3H% by R Brdaorﬁbrﬁtnon reaction
"G Ao a e sl ROl o d RO (6) R 10 As

b@ﬁgéterpﬂﬂlwdﬁémm@d Qlk)flﬂfc‘ﬁ bttirpﬁétré fsbh bg@ﬁe following

denat'ure di al OXI de conpoun

DU RONU S?E?%%ﬁﬁﬁea%%%igf‘é’%g'&% "%gﬁﬁ VR No.
fficul
WA everce reaction in the formof 15 the

proportionation reaction to occur. On the other hand,
proportionation reactions are advantageous in the
ase of ti hallgp conpounds, .al | oyyng the obtaining

lkyl §y6ro tin fro t? | ey chloro tin and

I'trichlopoXin. Several net 8ds have been

RSkelglouslycpropo@bd for the pRoduct@lon of (6)
alkyltrichloro tin (see, for exanple, Japanese Patent
Application Laid-open No. 20 H4-81999 and Japanese
Pat ent Application Laid-open No. S44-8489). Mre

ilg?%lﬁz 'ﬁg%lélggslf YesBfsed, P@isﬁﬁbﬂcﬁﬁﬁéhhﬁé‘ﬁ' Rfactidhd- BN denature

i scloses a nmethod for producing

d%ll@f it 125U dohibdtidTinkd &riBk@P Bht SRBZdESNahE FRbhEAKy! tin

compounds by a disproportionation reaction are advantageous in the case of
tin alkoxide compounds, and it is difficult for the reverse reaction in the form of
the proportionation reaction to occur. On the other hand, proportionation
reactions are advantageous in the case of tin halide compounds, allowing the
obtaining of dialkyldichloro tin from triatkylchloro tin and alkyltrichloro tin.
Several methods have been previously proposed for the production of
alkyitrichloro tin (see, for example, Japanese Patent Application Laid-open No.
H4-81999 and Japanese Patent Application Laid-open No. S44-8489). More
specifically, Japanese Patent Application Laid-open No. H4-81999 discloses a
method for producing alkyltrichloro tin using the proportionation reaction as
described above using a mixture of tetraalkyi tin and tetrachloro tin at a specific
ratio. Japanese Patent Application Laid-open No. S44-8489 discloses a

method for producing alkyltrichloro tin by reacting alkane stannonate and
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descri bed above using a m xture of tetraal kyl tin and
tetrachloro tin at a specific ratio. Japanese Patent
Application Laid-open No. S44-8489 discloses a 25

nmet hod for producing alkyltrichloro tin by reacting

al kane stannonate and 7 hydrogen chl ori de. However, a
technol ogy is not yet known for producing

hpdidogenr clibtideo Howevernpa tedsndlpgy 5 miptagetr knowntfer ipgbducing
variants of dialkyl tin alkoxide conmpounds. On the
alki/GEhIBRNEN ERASEULRTES bl Nusiig &3 Fdw ahatehials! varfersts @fi diaikyl tin
and alkyl tin 5 acetoxide oxides are forned by

afk%ﬂﬁl@&ﬁnﬂ&ﬁﬁﬁ‘t s of dialkyl tin al koxide conpounds
Wt

acetic aclid have been di scl osed as reactions of

vari j.al k ' ide. : :
el be iher e YeactichsOh \MEA THcRITREEICNASES, 91 Bk fn

999), 3793). However, ,a nethod is .not yet known.fo .
B! SARIAED) T o A o YRR Rs 5, SN i Hikoxide

roportionation reaction 10 between trialky] tin )
capolRds i agetic jagid have M%Qisa@ssséi%r%%fﬁwénefsvar@ﬂts of
the basis of the above, since the devel opnent of _
diadieyhntin oglkexideo compayimdsr 486 g faracixample offogmalikpf American
al koxi de compounds into active forns in the form of
Ctieaisall Sacietyal 20 x1989)c 3793 n dHovwereryamathod és achyetkrdwn for
the problens of costs and waste processing in the

prRsduiny idialkpl digie atkoxider aohgpiuhdaciby €ws eroportionationi reaction
unsol ved. D sclosure of |Invention Problens to be

beRlecifiriavkyl iR a'c@Ycﬁ&Héééé‘nd\ﬁtkﬁ}Piiﬁ akefdx deht%(igé %&ﬁfﬁougds.

invention’is to provide a process fo; produci ng 20

Fi 0L s ps L BF M bl iR i eV AbpRRn? of tefbdpihles for
ol Ve S B G AR BB SRSl HE Bt R the
foor];n 5 éig ?/i fin% Ilo%deegér%?)%unds has yet to be achieved, the problems of

costs and waste processing in the production process of carbonic acid esters

remain unsolved.

Disclosure of invention

Problems to be Solved by the Invention

An object of the present invention is to provide a process for producing
dialkyl tin compounds that enables variants of dialkyl tin alkoxide compounds
to be regenerated into dialkyl tin alkoxide compounds, and also to provide a
process for using said dialkyl tin compounds in the production of carbonic acid

esters.

Means for Solving the Problems
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25 Means for Solving the Problens 8 As a result of
conducti ng extensive studies on the above-nenti oned

probl ens, the inventors of the present invention found
that the above-nentioned problens can be sol ved by
produci ng a dialkyl tin compound by reacting an acid

and/ or acid anhydride with a conposition containing a

5 vés antesafit af dioadisgling iextendie istediesnpothe abovesmantioned
by heat-treating said dialkyl tin conmpound, and then

pfotgeme! attheg inverdtorl alokylthéi npresspbuinentibn afodnd! kiplat the
tin al koxi de conmpound and using in the production of

aBo@é‘iMloﬁeﬂ%r@b%?ﬁ@ban by by pRsuting a diakpl @i tempound

of the present 1nvention. In other words, the present

ynr\é%flhgrhd %cﬁ‘f ﬂﬁﬁﬁ'r ?ﬁdarkﬂ?}cﬁ‘?ﬂe thec 66§iidn containing a

nven n provi a process for u0|ng a
di.al kvl ti np ] 1A
vitsia Pa%i?naéi@@%@? %§§fb W@#@ﬁéﬁ“ [fating, said dialky!
cat al yst i,.ch is for when uci n ster
5 SRR, ST e R ESaR TR PR d'g%vﬂ'i'%? PPy g 3 galky! tin
roup redistribution reaction and/or deal ky
aﬁ@a@{% sRMppyInd2pNng hésipg dBe e AEednaliong iclagh‘?’f'ﬁ]?c'd ester,
wherein the dialkyl tin catalyst is at Ieast one type
thefrebyrigading toeteropletionrafnthehpregent phventionst im@thgr words, the
di al kyl tin conmpound represented by fornula (1) and a

ptedantinventiodiis baessnibed belomound represent ed by
formula (2): x' CX2d (1) 20 Ra-sl I R2b (wherein

eachp@p@gegplﬁvagtldmgmgj;ently represents a linear or
branched

[1] a process for producing a dialkyl tin compound, comprising:

subjecting a composition of a deactivated form of a dialkyl tin catalyst,
which is formed when producing an ester compound using the dialkyi tin
catalyst, to an alkyl group redistribution reaction and/or dealkyiation reaction,
[2] the process according to item [1], wherein the dialkyl tin catalyst is at least
one type of compound selected from the group consisting of a dialkyl tin
compound represented by formula (1) and a tetraalkyl distannoxane compound

represented by formula (2):
X',
R', —Sn—XZ (1)
R2,
(wherein each of R! and R? independently represents a linear or branched
alkyl group having 1 to 12 carbon atoms,

each of X' and X? independently represents at least one type of

substituent selected from the group consisting of an alkoxy group, an acyloxyl
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al kyl group having 1 to 12 carbon atons, each of Xl

and X2 i ndependently represents at |east one type of

25 substituent selected fromthe group consisting of

an al koxy group, an acyloxyl 9 group and a hal ogen
atom a and b independently represent an integer of O
to 2 and a + b =2, and c¢ and d independently

graypr andkathadegemateger of 0 to 2 and ¢ + d = 2; x3 R5 e

5 Rae-SI-OSn R59 (2) R4f x4 (wherein, each of RS,

R4, aRindab ihdependeatiy nefmesent aremtegemofD to 2 andar +dr= 2, and
branched al kyl group having 1 to 12 carbon atons, each

of ¥arrid intependenty tsprebent’ &P of Ofo 2 andtc ode= 2;
type of 10 substituent selected fromthe group

consisting gf an al kgxy group, an acyl oxyl group and
a hal ogen a§on1 and %F f, g and h independently

repr egent integerdof Osto 2, e +f =2 and g + hyg
2). ?%? th npro essssccogéing toitem[2], wherein iﬁn
fornul as (1* and (2)) the 15 nunber of carbon atons
constitutin@ﬂXl, X2,X%3 and X4 is a nunber sel ected

rom an integer of 0 tp 12, LA4] the process accqrdin
M‘eerﬁw SO e ,[Fi] afid Bs]ll,\dwra?%fﬁ'vt kpresqly a lifear or
conpound is at | east one type of conpound sel ected
branshed radkyd gseitP baviegsk iont2 cabanatedsyl i ¢ acid ester,
carbaminic acid ester and isocyanate, 20 [5] the
proeash af o6t dindg X*o independéhtly wepresents hat deasiornei type of
acid ester is a carbonic acid ester,
substituent selected from the group consisting of an alkoxy group, an acyloxyl
group and a halogen atom, and
e, f, g and h independently represent an integer of 0to 2, e+f=2andg
+h=2).
[3] the process according to item [2], wherein in formulas (1) and (2), the
number of carbon atoms constituting X', X2, X3 and X* is a number selected
from an integer of 0 to 12,
[4] the process according to any one of items [1] to [3], wherein the ester
compound is at least one type of compound selected from the group consisting
of carboxylic acid ester, carbaminic acid ester and isocyanate,
[5] the process according to item [4], wherein the carboxylic acid ester is a
carbonic acid ester,
[6] the process according to item [5], wherein the composition of the
deactivated form of the dialkyl tin catalyst is a composition containing a

deactivated form of the dialkyl tin catalyst generated during a step of producing

a carbonic acid ester from carbon dioxide and the dialkyl tin catalyst,
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[6] the process according to item|[5], wherein the
conposition of the deactivated formof the dialkyl

tin catalyst is a conposition containing a

deactivated formof the dialkyl tin catalyst generated
during a step of producing 25 a carbonic acid ester

from carbon dioxide and the dialkyl tin catalyst, 10
[1]7] théheprpcess= sccanting dicn@ntyo oasy obritems  [i1] eos [G)1]wherein the
[6], wherein the deactivated formof the dialkyl tin

deaclatsd fofm ofhpat didBgt tinvestayst & & héat-deactiiatddk fdrm of the
tin catalyst, [8] the process according to any one of

[7], wherein the 5 deactivated form of
dlﬂkéﬂgl b’alal?é’t

al'kyl "tin catalyst is a deactlvated formof the

81, 4 rbbes AeRrR & e ehe e R IS LN the
Be St ot"*@ﬂe“&'ethiﬁigt %gtszan%g%%tb@ea?gnﬁﬁtttq i
chebi qﬂ_qmétw]g[ft SRy 3 Pt dnwAigh '?%%u'apemé alkyl

deact i vated form of the di al kyl tin catalyst is

groupabaynd to A sioglpdimatom gifters fiean the sumbes af @il Iggowb bound
any one of itenms [1] to [9], wherein the deactivated

td asinghé tintadonti afithg dialkyl tioagadalyst, is a trial kyl tin
conmpound and an organic tin conpound containing a tin

[t ahedaovesy aetordigetocheyonelof dteinfis [Htto [B], avhergitOal least one
-610 ppm based on a tetranethyl tin when anal yzed by

tybe éf]tﬂ@aewﬂiétéd Foith BY theC Giafk; 3%@'&: aﬁyﬁdt% kaAalkyitk céMmpound,

process according to item[1 er conprising

[ﬁﬂe iy alp?@?és@eacﬁ&qﬂ'@'t{) QIES‘ Oéné NG fsast 411%%9]“ Whergin the

tin cata 0 a conposit

TR Tt 1 600818 SR S LA S o
B Ee RSB i

119Sn-NWVR i n heavy chl oroform sol uti
from -220 to -610 ppm "based on a tetramethyl tm when analyzed by

"25n-NMR in a heavy chloroform solution,

[11] the process according to item [10], further comprising separating the
composition of the deactivated form of the dialkyl tin catalyst into a composition
containing the trialkyl tin compound and a composition containing the
compound containing a tin atom demonstrating a chemical shift at from -220 to
-610 ppm based on a tetramethyl tin when analyzed by ''*Sn-NMR in a heavy
chloroform solution,

[12] the process according to item [11], wherein the separation step is carried
out by at least one method selected from the group consisting of distillation
separation, extraction separation and membrane separation,

[13] the process according to any one of items [1] to [12], wherein in a case
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[12] the process according to item[11], wherein the
separation step is carried out by at |east one nethod
selected fromthe group consisting of distillation
separation, extraction separation and nmenbrane
separation, 25 [13] the process according to any one
of itenms [1] to [12], wherein in a case 11 that pKa
that piacohpuepriughted iatidvwith resppetto ablesst loagssubstitient among
substituent anong groups bound to tin atonms of the
gaepst hboaice to ftior atonts bhehelidelaktivated rfooat off thet dialkyhdin catalyst
than al kyl groups originating fromthe dialkyl tin

otht MatphlkyBgrdup8 &lgmathbq‘rcﬂh ive dEHIGH Hin'cRAIGSE ik Db 628,

reaction is an al kyl group redistribution "5 reacti on

I(\?\hmgemrbf% ?gésogﬂglgwqg \Aﬁﬁlﬂ}ﬁé“@ %II@W @’6 Fugat ! Jbutlon
rfihibp dh whibf Pééﬂﬂ'@ft'"”%omég%“@'h%%sﬁ?@é FeEPnd (erein ¥
repiagentoPorion Ke 668 contafefRudGH % Ra ipBat bY i fpicn a

with respect to at | east one substituent anmon 10

hygreges atemhiaskean addedinY.oe G teb.ghischeatdtasted.or m of

the dial kyl tin catalyst other than al kyl groups
[161i gheprocassfacnording taianykgmne of iteowst {I) mug]s whegeingn a case
25, the alkyl group redistribution reaction conprises
thab pKst epa aunjudatéed doidwithngspecbicgahleast ionecsutystituesht among
havi ng an Sn-Y bond by substituting all or a portion

greupkourdenéa Stonishef dedcleacavaed ffafm dfethel dilkyy ti@ancatalyst
15 al kyl group originating fromthe dialkyl tin

otﬁ@? ﬂ{a)fﬁélk?lr@rohpﬂ BFE?Frfe&tﬂgP Wortitid dfalk Hh%ﬁ'télyﬁrlé 68 t@ﬁS’

heat - T reat gani ¢ conpaoun ng an Sn-Y

oyl e iy AP S P

s o0 bt A G5, RS v ot o
su.\lAtgqstltuetinré atllpgr a pol?tlc()n of thenPgands of the deactivated form (excluding an
alkyl group originating from the dialky! tin catalyst and bound to tin) with a
substituent Y; and

(B) heat-treating the organic compound having an Sn-Y bond and

obtained in step (A) (wherein Y represents Y in which pKa of a conjugated acid
of Y in a form of HY, in which a hydrogen atom has been added to Y, is O to
6.8),
[15] the process according to item [14], wherein the step (A) comprises
producing an organic tin compound having an Sn-Y bond in which three alkyl
groups and a single Y group originating from an acid and/or acid anhydride are

bound to a single tin atom, and an organic tin compound having an Sn-Y bond

in which a single alkyl group and a number of Y groups originating from an acid
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produci ng an organic tin conpound having an Sn-Y bond

in which three alkyl groups and a single Y group

originating froman acid and/ or acid anhydride are

bound to a single tin atom and an organic tin

conmpound having an Sn-Y bond 25 in which a single

al kyl group and a nunber of Y groups originating from
and/onectl anlzydrids, dhe avmberrdiydigraups being selented fonyan integer

groups being selected froman integer of 1to 3, are
obdutad 3, care bounyd ot a rsingilentin katome dzyt ireactirige the composition of

conposition of deactivated formof the dialkyl tin

déadtitaysd favink foftthe diaikgl tinpcaaRst adthoshe heid fepreswhted by the
formula (3) and/or the acid anhydride represented by

flBwi egsjlfdrﬁ*lﬂlé%?]%nfd%r”ﬂ‘ieaaélﬁ) antdriad) re g@é@@ft&d Irbthherollowmg

repr ents whi ch pKa of a ‘conjugated acid of
u@ of HY, in which a hydrogen atom has been added
to I’s 0 to 6.8); YOY (4) 10 (wherein Y represents
Y |pn)/\lm ch pKa of a conjugated acid of Yin a form OQS)
whi ch a hydrogen at om has been added to Y,

(vmeyeﬁg"é Tapineaiey L wh FopRp B <o SRLOtY lih g of HY.

is carried out while renoving water generat ed dur| ng
inawhich eohydreganiatomihasshesn adgedio %tis|049hK.8);15 one

net hod sel ected fromthe group consisting of renoval

wi t ¥Q¥ dehydrating agent, distillation separation afl

menbr ane separation, [17] the process according to any

(vrveret Y irépresehtd Y o which pKafog acionjudated deid &fyY & adorm of HY,
reaction conprises formng an Sn-Y bond by elimnating

m&ﬂh %hké’ h%(d RigemPatof? Ahs tl!)%e@kea't’d‘dén‘/ & ‘?dlsf@ldTB(ﬁ driPO represents

di al kyl catal yst (wherein Y 20 represents Yin

a conjugated acid of Y in a formof HY,
al n%cﬁﬁ) i’hydrogen atom has been added to Y, is O to

[1%] )the process according to item [15], wherein the step (A) is carried out
while removing water generated during a use of acid in the step (A) by at least
one method selected from the group consisting of removal with a dehydrating
agent, distillation separation and membrane separation,

[17] the process according to any one of items [1] to [12], wherein the
dealkylation reaction comprises forming an Sn-Y bond by eliminating an alkyl
group from the deactivated form of the dialkyl tin catalyst (wherein Y
represents Y in which pKa of a conjugated acid of Y in a form of HY, in which a
hydrogen atom has been added to Y, is 0 to 6.8),

[18] the process according to any one of items [9] to [12], wherein the
dealkylation reaction forms a single Sn-Y bond by eliminating a single alkyl
group from the trialkyl tin compound contained in the composition of the

deactivated form of the dialkyl tin catalyst to obtain a dialkyl tin compound
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[18] the process according to any one of itens [9] to
[12], wherein the dealkylation reaction forns a

single Sn-Y bond by elimnating a single alkyl group
fromthe trialkyl tin conpound contained in the
conposition of the 25 deactivated form of the dialkyl

tin catalyst to obtain a dialkyl tin conpound 13

having ran Sn-Brbondo (witereinh ¥ ipmesents Pf és avitich pKanofvai asmjugated
pKa of a conjugated acid of Yin a formof HY, in

avidi oty ¢h B8 F HYAtie WHis alerirogetd atorh tha¥, been ddedto Y, is O
6.8), [19] the process according to item[18], wherein

wdg)yformng step of the Sn-Y 5 bond conprises
reag’ti ng the trialkyl tin conpound contained in the

A8 PrpOs Sodriig BTk (R UeRbin g fofefing by the Sn-Y
/ . id hydr i de,. C

o8 chy e B ha R A BBRRER bcibinkd s drhbositon

S e A R e

(6) wherein Y represents Y in which pKa of a

faranla tRirand Aer an aeidvanhydsidegepiasented by forma ¢8): a

hydr ogen at om has been added to Y, is O to 6.8, and O

repHdSents an oxygen aton), 15 [20] the process

according to item[15] or [19], wherein the acid

(valnebielrt Ytrepresanitsly amimhich pKaicf aacdnijugatdd @cidyekY an adomn of HY,
[21] the process according to item[20], wherein the

irfwhEhi 6 hpdrayehAlehnaerbéen agdéd td ¥2ks G fee6.BYj,0cess

[
according to item[20], wherein the acid is a hydrogen
20 Rehyde, [23] the process according to iten1[20],(6)
wherein the acid is an organi c acid,

(wherein Y represents Y in which pKa of a conjugated acid of Y in a form of HY,
in which a hydrogen atom has been added to Y, is 0 to 6.8, and O represents
an oxygen atom),

[20] the process according to item [15] or [19], wherein the acid and/or the
acid anhydride is a tiquid or gas at 60°C,

[21] the process according to item [20], wherein the acid is a hydrohalogenic
acid,

[22] the process according to item [20], wherein the acid is a hydrogen
halide,

[23] the process according to item [20], wherein the acid is an organic acid,
[24] the process according to item [23], wherein the organic acid is a
carboxylic acid,

[25] the process according to item [20], wherein a standard boiling point of

the acid anhydride is 300°C or lower,
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[24] the process according to item[23], wherein the
organic acid is a carboxylic acid, [25] the process
according to item[20], wherein a standard boiling

point of 25 the acid anhydride is 300C or |ower, 14

[26] the process according to item[25], wherein the

acid anhydride is acetic anhydride or naleic
[26] hytHeiprecegL A cardmgpiooitera {25}, cehetieing theoacidyanhydride is acetic
items [1] to [26], wherein the dialkyl tin conmpound

ahhﬁdﬁd@oa&dajémghhwmd@rl ginating froma dial kyl tin
catalyst and 5 bound to a single tin atomwhile

[ 5] Mthé Hr6cesy é{c&b@aumg&oaény 66 bf RBMsIN] P Fagdwﬁéﬁﬁ‘ﬁ Phe dlalkyi

Y'represents Y in pKa of a conjugated acid of

A N
b s S AR S ors
SRR o b NS TREAAY T3t

Wﬁresent ed by formula (8): R71 -Si-Y R8 15
inwhisha Rydepoaah dtem h&?pb%%fbﬁ@d 69 Suis Otal &Bhating from
the dialkyl tin catal yst and i ndependeltly represent

[28]| ithe procasshacoocdied tallﬂem [2] owbeted theydialieybtin Zzompound is at
carbon atons, Y represents a group originating from

letalse ode diypey lof t:bmpm:hdl sedécted frorgrtbe group icognsisting gf fr dialkyl tin
the acid (HY) and/or acid anhydride (YOY), pKa of a

cﬁr@np@gﬁﬁ WeeSEnRe By ASrmla (VJaarfdJé lt@t@éalkw digtanhbxdneicompound
ydr ogen at om has been ed to Yis to 6.8, and
represented by formula (8):
Y (7)
R, —Sn—Y
RY,
(wherein R” and R® represent a group originating from the dialky! tin catalyst,
and independeltly represent a linear or branched alkyl group having 1 to 12
carbon atoms,
Y represents a group originating from the dialkyl tin catalyst or a group
originating from the acid (HY) and/or acid anhydride (YOY), pKa of a
conjugated acid of Y in a form of HY in which a hydrogen atom has been

addedto Yis 0 to 6.8, and

i and j independently represent an integerof 0to 2, and i + j = 2);

\i( T1 2n
RO, ST o) SIn—R1 T (8)
R10I Y
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I and j independently represent an integer of 0 to 2,

and i +j =2); YRI2RKk -SI -OSn n R11 (8 1 25

110 15 (wherein R9, R10, Rl11 and R12 represents a

group originating fromthe dialkyl tin catalyst, and

i ndependently represent a linear or branched al kyl

group havin to 12 carbon atons, Y represents a

(whergin & B! ‘ﬁd&“ agdiR'éreplesedisa igyoup origivating rom the dialkyi tin
group 5 originating fromthe acid (HY) and/or acid
cataiysdr antindép¥hdentiarepfresenteniinesyajrénanchet akyhgioupahaving 1
formof HY in which a hydrogen atom has been added to

to'12 Tafbdrafon®s, and k, |, mand n respectively
represent an |nteger of Oto2, k+I1 =2and m+ n =
r
2" RSy g sﬁrg%%?maﬁg IS oroe

( g.SUb

olfpo" 158 o, B P, RSB 3R, 4 B o o

| east, ope t f su t|t .sel ect ed fromth ou
caiigpted Agidspr e gt 51, 1" JHieacs radis fpﬁ been

hal o en . ato 30] the process accor d| ng to item
af@@‘]’ Wdéroe’ioig gh%" tep (1) conprises: a step (1-1) of

obtalnlng a conposition containing a dialkyl tin oxide

by khi;dn@ngn respeistively aepigsent an inlggeuatio e kg- br2 and m +

Sn-Y bond by addi ng an aqueous al kal i ne sol ution; and
na 8lep (1-2) of reacting the conposition containing

the dialkyl tin oxide, 20 obtained in the step (I-1)
[29]t thatprbesss acutRdingl1e ety eeTBhitedls §©4 Etet[26), ffudhert dsmprising,
following the step (B), a step (I) of substituting substituent Y of the dialky! tin
compound having an Sn-Y bond with at least one type of substituent selected
from the group consisting of an alkoxy group, and acyloxyl group and halogen
atom,
[30] the process according to item [29], wherein the step (I) comprises:

a step (I-1) of obtaining a composition containing a dialkyl tin oxide by
hydrolyzing the dialkyl tin compound having an Sn-Y bond by adding an
aqueous alkaline solution; and

a step (I-2) of reacting the composition containing the dialkyl tin oxide,
obtained in the step (I-1) with at least one type of compound selected from the
group consisting of alcohol, carboxylic acid and hydrogen halide, followed by
removing a component containing a generated water from a reaction liquid,
[31] the process according to item [30], wherein the aqueous alkaline solution

is at least one type of aqueous alkaline solution selected from the group

consisting of an aqueous sodium hydroxide solution, an aqueous potassium
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group consisting of al cohol, carboxylic acid and

hydr ogen halide, followed by renoving a conponent

containing a generated water froma reaction |iquid,

[31] the process according to item[30], wherein the

aqueous al kaline solution is at |east one type of

aqueous al kaline solution selected fromthe grou 25
hydmogidet $olgtiar, amaqueeuspotassiunncalhnate geludionardoan agueous

aqueous potassium 16 hydroxi de sol ution, an aqueous

sqditassarbonat® solotidre sol uti on and an aqueous sodi um
carbonate solution, [32] the process according to item

[Hv%zflgr%@ ?réé’eh]s, acWoRding Mo item B0 Br (31]2Wvhikein tisé etep (142) is a step

~the conpound reacted with the conposition
. i . i . .
PRI Peftbrhbie, ferdoted wih o SnBBetion Tohtfifig HRiky! tin
roi ng: ki P for
o856 aRelE Mri HisliS1 b EROHs BT 1 BBy, 0T )
taining a reaction Liguid cqntainin he rboni
1531 dReCeBee%h pocBifne B i) SRR Y stein 456 RiPRlfing =
tin catalyst; 10 a ,step (2) of obtaining a residual
CAMPQNICRYUY eSIRTLOMPIRESE he carbonic acid ester fromthe
reaction liquid;, a step (3) of regenerating the i
di aBigiep {1hokebtainirg argacticn liqyig aontainivg the aarbeniggcid ester
and al cohol, and renoving a generated water outside
by heactingtcarboadibxides ang tiieldliatifyl tincatalysty t he di al kyl
tin catalyst obtained in step (3) to step 15 (1),

[ 34h dthp (B) ©f btainitgOa desiduabliquia by séparatingrthercdrbenic acid
step of regenerating the dialkyl tin catalyst from

edtBP froRMMRSIghlAon fquidhe deactivated form of the dialkyl
tin catalyst generated during the step for producing

| RSBSHEPEY) By dcheral ] R/ B 57 SSa B Bencing he rositua
WA 8 LG At Mo Bl 08 o

s a step (4) of recycling the dialkyl tin catalyst obtained in step (3) to step
(1),
[34] the process according to item [33], wherein the step of regenerating the
dialky! tin catalyst from the composition of the deactivated form of the dialkyl tin
catalyst generated during the step for producing the carbonic acid ester by the
alkyl group redistribution reaction and/or the dealkylation reaction is carried out
after the step (2) and/or the step (3), and the regenerated dialkyl tin catalyst is
recycled and reused as the dialkyl tin catalyst of the step (4) and/or the step
(1),
[35] the process according to item [34], wherein the step of regenerating the
dialkyl tin catalyst is a step which uses the steps according to any one of

Claims 29 to 32 and in which substituent Y represents an acyloxyl group,
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recycled and reused as the dialkyl tin catalyst of the
step (4) and/or the step (1), [35] the process

according to item[34], wherein the step of

regenerating the dialkyl tin catalyst is a step which
uses the steps according to any one of 25 Clains 29

to 32 and in which substituent Y represents an

[363 y Itbe ydrogessupccdrdinglt] any @ngr afciésras {tkandi[33] too[3ajywherein
one of itens [1] and [33] to [35], wherein the

thd diblkyl tin catatyst dd i fialky tin alkexilglcompoundkoxi de

conpound, [37] the process according to any one of

[37) €tRe [p%*&eés%dc%ﬁaingw ahgidhe! d¥ateths[39] to [38]whakeih Yisé dialkyl
IS a dialkyl tin al koxide conpound, and X1, X2, X3 and

tink el ?55 COERONHR bRBIEREBOABOLMd] BRELXY X2) XAMMIOK* of a
ormul a 2? rep oxy SI C

esent a roups: xf 'Rfa -

cofitall sehresehies Bl 3Gl (15 ahdibr FouBl [ renrerent alkoxy

ﬂiﬁyp having 1 to 12 carbon atons, each of X1 and X2

g Spendent|y represents at |east one type of
substituent selected fromthe group consisting of an
al koxy groug!, an acyl oxyl group and a hal ogen atom
15 a and b ﬂndependently represent an integer of 0 to
2 an®'a——Bn=—2X%and c and d i ndependently representl)
an integer @f Oto2and c +d =2); x3 R6 n

R,
(wherein each of R' and R? independently represents a linear or branched
alkyl group having 1 to 12 carbon atoms,
each of X' and X? independently represents at least one type of
substituent selected from the group consisting of an alkoxy group, an acyloxy!
group and a halogen atom,

a and b independently represent an integerof 0to 2and a + b = 2, and

¢ and d independently represent an integerof 0 to 2 and ¢ + d = 2);

TP
RS, ST 0——8n—R?, (2)
R, X4

(wherein each of R® R* R® and R® independently represents a linear or
branched alkyl group having 1 to 12 carbon atoms,

each of X3 and X* independently represents at least one type of
substituent selected from the group consisting of an alkoxy group, an acyloxyl
group and a halogen atom,

e, f, g and h respectively represent an integerof 0to 2, e+f=2and g +
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Rae -S |1 -OSn RS9 (2) | R4f x4 20 (wherein each of
R3, R4, R5 and R6 independently represents a |inear or
branched al kyl group having 1 to 12 carbon atons, each
of X3 and X4 i ndependently represents at |east one
type of substituent selected fromthe group

consi sting of an al koxy group, an acyl oxyl group and
ha Bpl ogen atom 25 e, f, g and h respectively
represent an integer of 0 to 2, e +f =2 and g + 18

[38]= tA¢,prbcéds abeomiryr &s dtent {3R]dwhgrein theediak$lrtin catalyst is a
wherein the dialkyl tin catalyst is a dialkyl tin

dRiIkPihdkoxidel gk RRR?, RS, RURS BhdakoRBeonipsund represented

cornrpound represented by the formula (1) and/or the

b Qﬁ&%ﬁ‘n&té) gﬁidﬁdn%xa@\%of&hm% g?f gﬁﬂn&ﬁeeuﬂg%bvésenfés a n-butyl

roup or octyl group, e process according

glfoglpgﬁry%ﬁggg%@rg%gns [33] to [38], wherein the alcohol

Yesented by the follow ng formula

) L RI130H (9) erei n_R13 represent l i 0 .

145 . bR eRosPRS | acsBIRE oy ARY oG B grects ) 19 58] offigrein the

Advant ageous. Effects of the | nvention Ac?or ing to the
alspaghigan algahel rerresentrd byithe iliouis foMHIZ K8 f orm of a

di al I%(I tin conpound can be obtained froma

comBos®PHi on contai ning variants of 15 a dial kyl tin(9)

al koxi de_conmpound, and the dial kyl tin conpound can be
(wheerséd R b repredents alinearbembranahed atietl g@roeg havingay tm§ carbon

converted to a dial kyl tin alkoxide conpound, thereby
afopié)ng the present invention extrenely useful in

i ndustri al

Advantageous Effects of the Invention

According to the present invention, a useful component in the form of a
dialkyl tin compound can be obtained from a composition containing variants of
a dialkyl tin alkoxide compound, and the dialkyt tin compound can be reused to
produce a carbonic acid ester after having converted to a dialkyl tin alkoxide

compound, thereby making the present invention extremely useful in industrial

fields.

Brief Description of the Drawings

FIG. 1 illustrates a schematic drawing showing an improved process for
producing carbonic acid esters by combining the production process according
to the present embodiment of the present invention;

FIG. 2 illustrates a schematic drawing showing an apparatus for

continuously producing carbonic acid esters using an alkyl tin catalyst
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fields. 20 Brief Description of the Drawngs FIG 1
illustrates a schematic drawi ng show ng an i nproved
process for producing carbonic acid esters by
conbi ni ng the production process according to the
present enbodi nent of the present invention; FIG 2
illustrates a schematic drawi ng showi ng an apparat us

chopositibndntiie presest gmivodimentyg carboni c acid esters
using an alkyl tin catalyst 19 conposition in the

pr eseE! 3 eyl IRNPSIEINMR 3ssdutiifn (of @ri-hlESipH Bty lbutyloxy)tin
spectrum of tri-n-octyl (3-nethyl butyloxy)tin

sesarated fml ét@?‘_(%%—?ll? E? E}a@plﬁﬁﬁﬁﬁﬁ@bﬁes@ut ifvenign;

p][ esent |nve_n|! _ shows the 119Sn- NVR spectrum
"0 G, 30BRs B Rhvrg 8BRARGH of & nth BEA R depponent
[ ion: FI . - .

SR breB5 ol et e 0By 35 o ASE0AAE S i prsen
_r&ZS-_lel_ of Exanple 23 in the present i nventi on; FI G 6
INYERURNt he 119Sn- NMR spectrum of a mi xture cont ai ni ng

n-octyl 10 tri aggf ox tin produced in step (23-2) of
Exaﬂ)éeﬁ sBows thae @'eéMﬁ spaotsum; ofitri-n-gatyl pretoxy tinrprpduced
the 119Sn- NMR spectrum of a sol ution containing

inlstép 323-2) ef Example 26yih tHe prdsent Bwvention] but yl oxy)
di st annoxane produced in step (23-4) of Exanple 23 in
t he FpGe6estov tsat'1%Sn-NMR Bpeetrupt obra afixtded eoatairing n-octyl
Nunericals: 101, 107: distillation colum, 102 :

trizREtERy firy PRod Rt iinoételée(i%eé)' ofléﬁamﬁ%ﬁ% ifh hé préserhinvention;

evaporator, 104 : autoclave, 105 : decarboni zation
ahgnk, 111, 112, 117 :

FIG. 7 shows the "°Sn-NMR spectrum of a solution containing
1,1,3,3-tetra-n- octyl-1,3-bis(3-methylbutyloxy) distannoxane produced in step

(23-4) of Example 23 in the present invention.

Description of Reference Numericals:

101, 107: distillation column, 102 : column-type reaction vessel, 103, 106 : thin
film evaporator, 104 : autoclave, 105 : decarbonization tank, 111, 112, 117 :
reboiler, 121, 123, 126, 127 : condenser, 1, 9 : supply line, 2, 4, 5, 6, 7, 8, 10,
11, 12, 13, 14 : transfer line, 3, 15 : recovery line, 16 : extraction line, 17 : feed

line.

Best Mode for Carrying Out the Invention
The following provides a detailed explanation of preferred embodiments

of the present invention (to be referred to as “the present embodiments”).
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reboiler, 121, 123, 126, 127 : condenser, 1, 9 :

supply line, 2, 4, 5, 6, 7, 8, 10, 20 11, 12, 13, 14 :
transfer line, 3, 15 : recovery line, 16 : extraction
line, 17 : feed line. Best Mdde for Carrying Qut the

I nvention The follow ng provides a detail ed

expl anation of preferred enbodi nents 25 of the

Fpribeemord, the présent (nverthienris fnet timitetl dodbe 'follawipg erelmdiments,
enbodi nents"). 20 Furthernore, the present invention

but rathier! ¢an thed chriddheut aittmit ndepeartingli fremt the spit and scope
rather can be carried out wi thout departing fromthe
thdikebf.t and scope thereof. First, an explanation is
provi ded of conpounds used in the present 5

Sl Sexrﬁ%}éé‘ﬂticﬁ’ 'rrsB TﬁrQy@%E ;‘FV Hompduridae ugét;? SiiNthe present

I fent's ti'n “conpoun

" di tin catalyst” and "dial kyl tin" which are
eﬂ@é’?"ﬁéb@r n refer to organic tin conmpounds in which

t wo I)é .ﬁggqq eboundtoasrngletrn atom 10 A

di al Byl Hn ghl in the present enbodi nents refers

to an organic ti nmpound that denpnstrates .

cat & {he pregant emhqﬁlmﬁetsp thay tﬁrmsO idigkyldiny @@mpeunghio idiaky! tin

and in which two al kyl groups are bound to a single
cataiysdt and “diatkyptir'swbichsareduseidainergin rafer toaorgiapia tin compounds

i ncl ude compounds selected fromat |east one type of
ircwhichuwd slkyigroaps areobouittwa single tingtemi ng of the

di al kyl tin 15 conpound represented by the follow ng

f or mudialkyl &n m@lﬁéthm thet grasektyémbBUrhents Tefes t6 APOrgHhic tin

represented by the following fornula (19): X1 R a -S1
comipBuhdSihatRdBmonstrates catalytic action in the production of ester
compounds and in which two alkyl groups are bound to a single tin atom.
Examples of said dialkyl tin catalyst include compounds selected from at
least one type of compound selected from the group consisting of the dialkyl tin
compound represented by the following formula (18) and the tetraalkyl
distannoxane compound represented by the following formula {19):
X'
R, —Sn—XZ, (18)
R,
(wherein each of R' and R? independently represents a linear or branched
alkyl group having 1 to 12 carbon atoms,
each of X' and X? independently represents at least one type of
substituent selected from the group consisting of an alkoxy group, an acyloxyl

group and a halogen atom,

a and b respectively represent an integer of Oto 2and a + b = 2, and
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20 (wherein each of RL and R2 independently represents
a linear or branched alkyl group having 1 to 12

carbon atons, each of X1 and X2 independently
represents at |east one type of substituent selected
fromthe group consisting of an al koxy group, an

acyl oxyl group and a hal ogen atom 25 a and b

r es peandi o etspectipely septesant antntgger of C o 2@r@ andl 22), b

= 2, and 21 c and d respectively represent an integer
of 0 to 2 angac + d =p@); X3 Rs Rae -S i -0 Sn h R5g
(19) | R4Af X4 5 (mhe n each of R3, R4, R5 and R6
indepqﬁ s pslinear or branched al kyl(19)
group havi ng 1 to 12 ¢arborf atons, each of X3 and X4
independentlg%gepreseaﬁs at | east one type of
substi t uent ected fromthe group consisting of an

BB 55 9] DR PRSP &g o
f 2 = 2 Ex I f RL and
bf%fcgﬁa%w I QFOO{'PJrR(E??V'PQ r?a'@algF?@Pn aﬁé’?‘é‘seﬁ?ﬁdegyof or rrulag
(18) in the .present, enbodi nents and R3, R4, RS and
of eAehtek r’%lalalﬂﬁl X" dindlepgndgatie r@GFﬁﬁﬁm’ﬂ @teﬁ@eﬁﬂ%dtype of

by formula (19) in the present 15 enbodi nents include
substjuenjrssipated frarhéhe gronptopsistingiof enrajkexycgioypn an acyloxyl
groups in which the nunber of carbon atons
groupsdnd athateyereatdngramdps i s a nunber selected from an
integer of 1 to 12, such as a nmethyl, ethyl, propyl

(i senergsand h%%ﬁécﬁﬂé@@:frééenmmrﬁégéﬂ Sfaes 2) e #exPand g +
(i somers), heptyl (isoners), octyl
h=2).
Examples of R' and R? of the dialkyl tin catalyst represented by formula
(18) in the present embodiments and R R® R® and R® of the tetraalkyl
distannoxane compound represented by formula (19) in the present
embodiments include alkyl groups in the form of aliphatic hydrocarbon groups
in which the number of carbon atoms constituting said groups is a number
selected from an integer of 1 to 12, such as a methyl, ethyl, propyl (isomers),
butyl (isomers), pentyl (isomers), hexyl (isomers), heptyl (isomers), octyl
(isomers), nonyl (isomers), decyl (isomers), dodecyl (isomers) group or the like.
Preferable examples include linear or branched alkyl groups in which the
number of carbon atoms constituting said groups is a number selected from an
integer of 1 to 8, and although a dialkyl tin catalyst can be used in which the
alkyl groups are alkyl groups in which the number of carbon atoms constituting

said groups is outside the indicated range, fluidity may become poor and

productivity may be impaired. More preferable examples of the alky! groups
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(isomers), nonyl (isomers), decyl (isoners), dodecyl
(isonmers) group or the like. 20 Preferabl e exanples

i nclude linear or branched al kyl groups in which the
nunber of carbon atons constituting said groups is a
nunber selected froman integer of 1 to 8, and

al though a dialkyl tin catal yst can be used in which
inchele atbugyl groopp er arectyl grpupgriv epasideratitinctf edse ot atguisition
of carbon atoms constituting said groups is outside

duiRg indlistddipfodddtipd. 1 uidity may become poor and 25
productivity may be inpaired. Mre preferabl e exanples

of ttlead Kl ofdtreURIkyE Zinl ERthiEE répredbiiledIbp Y8EM@E (t1_8) in the

n-octyl groups in considerati'on of ease of  acquisition
pftent SrRElhiond 0 i K71ef 119 (AR dbtah iR bitipound
' X 4 of . t I
BESE g B RALTROL B e B BBl rhBe RERRR M st one
b S SORRILEY ol SR b s A Boums.
al koxy groups, acyl oxyl groups and hal ogen atons, and
apyloxylgredre angi balggen stemst pad dnthe wasg rsigh asewp & the alkoxy
acyl oxyl group, the nunber of carbon atons
geuips ahdiori acylegi grogpothe inumberf ofr aatbpnaatonn® eonstituting said

selected froman integer of 0 to 12. Exanples 10 of

grauphisgprefgrablyna Inusiebeal delegted rfromsarc imegeresf Ofto 112ne &xamples
or branched saturated al kyl groups and oxygen atonmns,

of L&J&ha?,@;s@tih@mueg bikoRy Goupsh@shposedupf khadroppXranched
group (isoners), a butoxy group (isoners), a pentyl oxy

sﬂﬁ:?éi@d a(lli()ﬁ g?%ﬁﬁ ?nél o%ggés(r;l ?Ydfn@,rﬁiﬁﬁ ﬁ(é' a Mé&thaxy gfoup, an ethoxy

ept yl ox I SO an ' octyloxy grou

ol B A Bbor Lo 8 4RSS EEUP S 3 Beyiony groue

GEPORRY: &I GrovRsISHEcEly gorleyney Gk Geompr). an
acet oxy group, a ropi onyl oxy group, a butyryl OX){

ogfylury, GEOuUR I (ISOyMesRY gr PORYIORY | GoUBY (ISRNEiFloLd defY!@HYe group

i ke; and hal ogen atons such as a chloro group, a
(isemeats) g g like; aayloxyl groups composed of linear or branched saturated

alkyl groups, carbonyl groups and oxygen atoms, such as an acetoxy group, a
propionyloxy group, a butyryloxy group, a valeryloxy group, a lauroyloxy group
or the like; and halogen atoms such as a chloro group, a bromo group or the
like. Preferable examples include alkoxy groups having 4 to 6 carbon atoms
in consideration of fluidity and solubility as well as in consideration of use as a
catalyst for production of carbonic acid esters.

Examples of dialkyl tin catalysts represented by formula (18) include
dialkyl-dialkoxy tin such as dimethyi-dimethoxy tin, dimethyl-diethoxy tin,
dimethyl-dipropoxy tin (isomers), dimethyi-dibutoxy tin (isomers),

dimethyl-dipentyloxy tin (isomers), dimethyl-dihexyloxy tin (isomers),
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i ke. Preferabl e exanples include al koxy groups having

4 to 6 carbon atons 20 in consideration of fluidity

and solubility as well as in consideration of use as a

catal yst for production of carbonic acid esters.

Exanpl es of dial kyl tin catalysts represented by

formula (18) include dialkyl-dialkoxy tin such as
dimetbylkgihepiyfaxtyhostin t ilispmiirsket hdimethgkdiogtylaxyn, tin  {(isomers),

di met hyl - di propoxy tin (isoners), dinethyl-dibutoxy
dimethyi-dinorylexy 26n di gesdrheis)di rimiestydiddoyioxyi stiner sisomers),

di net hyl - di hexyl oxy tin (isoners), 23

dBURRIdIMbtHXG AR d??iérs?)'dlb(dyﬁ-@l&ﬁéﬁy tin (isomers), dibutyl-dipropoxy
dlnethyl di octyloxy tin (isoners),

ti '(%Hyghgrwyalgﬁéﬁifﬂ '(Eaﬁég' &dl%t??&igéh%ﬂ’dw (iRShers),
S oL g 60 bhr
ABURCPRE 5y (EAMErSenrtlsuty iganyioxy hém g1 Gggmers),

tin (isoners), dlbutyl dloctylox tin somer
dbBueidearianshy| By SPrraTshire! dipch-dimeingRy o diby! Gsgmers),
tin (isomers), dioctyl-dimethoxy tin (isoners),
digctyt-disthaxetin cﬁmmara) dicatyledipiopaxy dirt @$0mem)o@m§yi-dlhutyloxy
(isomers), dioctyl-dibutyloxy tin (isomers),
tinli(isomdrs)idicotylydipentyloxy tr somess), didichd-ditiexdidwendin @isgmers),
tin (isonmers), 10 dioctyl-di heptyloxy tin (isoners),

didcat-dileptyle g)” ey t(lébrhbﬁ;gm?r gloctyldicstyloky di gy | gsgmers),
tin (isoners di octyl - dldecy oxy tin (isoners) or the

TR e oo, in (emers), o, the fhe
d%‘kﬁpﬁryﬁoxg ﬁ#%ﬁ% ﬁﬁgm%ih%%?ﬂ fin (&lﬁ%ﬁylst)iproplonyloxy tin
(|§]qu9 bgfc&%ﬁ\{/ﬂﬁ?‘%{ {' ggﬁé' So gg%éthyl-valeryloxy tin (isomers),

|butyI dlproplon 1 oxy. tin (|so . .
dimeshylsdilagrelyioxyy| &ry t{nss?"(e@bneﬂgutyl-dlacetoxy tin  (isomers),
di butyl -di val eryloxy tin (isoners), ) )
dibutylrdiprogionylexyl ytlr@xy(ssqmer@o,somw dibutyryloxy tin (isomers),
di octyl -di acetoxy tin (isoners),
dibutyd-dyaletyloxgpi diny| gispnidrs), (i dibatylsdilaurolyloxy tin  (isomers),

di octyl -di butyryloxy tin (isoners), dioctyl-valeryl oxy
dibttyl-digkemys) .tin  (isomers), dioctyl-dipropionyloxy tin  (isomers),
dioctyl-dibutyryloxy tin  (isomers), dioctyl-valeryloxy tin  (isomers),
dioctyl-dilaurolyloxy tin (isomers)or the like; and, dialkyl-dihalide tin such as
dimethyl-dichioro tin, dimethyl-dibromo tin, dibutyl-dichloro tin (isomers),
dibutyl-dibromo tin (isomers), dioctyl-dichloro tin (isomers), dioctyl-dibromo tin
(isomers) or the like.

Among these, dialkyl tin dialkoxides such as dimethyl-dimethoxy tin,
dimethyl-diethoxy tin, dimethyl-dipropoxy tin (isomers), dimethyl-dibutoxy tin

(isomers), dimethyl-dipentyloxy tin (isomers), dimethyl-dihexyloxy tin (isomers),
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di octyl -dilaurolyloxy tin (isoners)or the Iike; and,

di al kyl -di halide tin such as 20 dinethyl-dichloro tin,

di met hyl -di brono tin, dibutyl-dichloro tin (isoners),

di butyl -di bromo tin (isomers), dioctyl-dichloro tin
(isoners), dioctyl-dibromo tin (isonmers) or the |ike.
Anmong these, dial kyl tin dial koxi des such as
dimethyhdlihepitylenhoxin t i (isomelishet dirméthyediookgioxy n,tin  (isomers),
di met hyl - di propoxy tin (isoners), dinethyl-dibutoxy
dirhsthyR8inonyiox®r stin  d{igstnys); di (ﬂimﬁtWIQﬁdedfyI@xg( i simer(@omers),
di net hyl - di hexyl oxy tin (isoners),

B UL didrletislhyaemm }ﬁé@mléré)' albbtyﬁ%héiy t|n (|somers) dibutyl-dipropoxy

dlnethyl di octyloxy tin (isoners)

t| (TT]EE%II? ddlBS]@YHgf%ﬂ%ftlﬁ (2 hox?l ?lghfﬁhgﬂ )ﬂb&eﬂﬁl(@é\‘ners)
oty bs%'f'g%ﬁh outipr - QiR S RHSRRieRs PR dedhners),
dﬂatﬁﬁr% ey | ky b dsamdrsberabltidinanyioy heB'ew dispmers),

tin (isoners), dlbutyl dloctylox¥ tin (isoners)
dihusvlcdideeylaniny | &Ry t (isoresdmer dioctyldlimethaxydi diRy| dispmers),
tin (isomers), dioctyl-dinmethoxy tin (isoners),

qubyitq:ethmcgttmdxgomem) (dischydipropakyotin yisonieps)o plmoyyltdnlnutyloxy

(isomers), dioctyl-dibutyloxy tin (isomers),

tidli (monyersyi dioctyldipentyloxy fin Sisomess), dibatglginexyloextih dispmers),

tin (isonmers), 10 dioctyl-di heptyloxy tin (isoners),

dﬂid?ﬂidihe&y ;,yl oy t (iBofriesyrer ?dloctyﬂdieéty]ﬁxydl ngmy! qigomers),

tin (isoners) or dioctyl- dldecy oxy tin (isoners) are

dﬁfcﬁﬂ%ﬁ@ﬁ oxy¥! fih kXisoHi??‘!si(O&Sb’ Hgo%ty'f’gﬁc{;bc?%xy tin (|somers) are

propoxy tin (1r'soners di but yl oxy
- yle ylOox ) s
Ph%f%[é%}% PRI i %Ediae 25 SRR RRRRL iy igpmers).
rs 15 dloct di pr n Somer.s),
lﬁ@f@/ﬁ &FO&M% o i ?r)er s)dog&ﬁ?/%'i’w yﬁ?ﬁypen{'i}l o)g?omers)
tin (isoners), dioc tyI di hexyl gxy tin (|soners;
dipuwrdinexienhi ytiaxy (Somersh onefiBytyhdbeRbiexy cfigy tfisomers),
and di butyl-di butyloxy tin (isoners),
dinatykdipropopgnt ytioxy (isemersionerdipetybiibutapy. di Kisxy| dispmers),
tin (isoners),
dioctyl-dipentyloxy tin (isomers), dioctyl-dihexyloxy tin (isomers) or
dioctyl-diheptyloxy tin (isomers) are more preferable, and dibutyl-dibutyloxy tin
(isomers), dibutyl-dipentyloxy tin (isomers), dibutyl-dihexyloxy tin (isomers),
dibutyl-diheptyloxy tin  (isomers), dibutyl-dioctyloxy tin  (isomers),
dioctyl-dibutyloxy tin  {isomers), dioctyl-dipentyloxy tin  (isomers},
dioctyl-dihexyloxy tin (isomers), dioctyl-diheptyloxy tih (isomers) or
dioctyl-dioctyloxy tin {isomers) is more preferable.

Although the monomer structure of the dialkyl tin catalyst is shown in

| formula (18), this may be a polymer structure or aggregate structure.

Examples of the tetraalkyl dialkoxy distannoxane represented by the
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di butyl -di heptyloxy tin (isoners), dibutyl-dioctyl oxy

tin (isoners), 20 dioctyl-dibutyloxy tin (isoners),

di octyl -di pentyloxy tin (isomers), dioctyl-dihexyl oxy

tin (isoners), dioctyl-diheptyloxy tin (isonmers) or

di octyl -dioctyloxy tin (isoners) is nore preferable.

Al t hough the nononer structure of the dialkyl tin

formulay £19)i inchimen, 8,3 tetraalky- 1, 38)ialkoxy ddistapnbsanes such as
pol ymer structure or aggregate structure. 25 Exanples

101, I tetiamhetagl-KB-difiethdooxy di st annoxane r epr esendis@nbpxane,
the 25 formula (19) include

111 3 ﬁte’irérﬁém?ﬂﬂ |3¥di|eﬂ1 di al koxy di stannoxanes sufistad®ioxane,
. 3-t et ranmet hyl - - di nmet hoxy di st annoxane,

111,§,:§t%r %thgp?t:ihdl}aro}méqd! et hoxy dﬂg?ﬁmne’ (isomers),

met hy =di pr opoxy st annoxane

14 SeiTns v e o MY atahndBHE Y (isomers)
1(1§*5ﬁ£9 jiet ﬁ?h%pew?q’&h&e teRiddie s s MR, 1133

i st annoxane (i somer -t et ranet S1yl
tqtr@nethyéat%rﬂwmxxt aﬁliﬁta'awa(nesorﬂﬁcg\)ers 1,1,3,3-tetramethyl-
1,1,3,3-tetranet hyl -1, 3-di octyl oxy di st annoxane
1(3-clihentypxy 1 distansoxane afisomers)1, 3. iBrbleframsthyl-1,3-dioctyloxy
di st annoxane 10 (i soners),
distanioxaricet (Bomteng), - 11 ,S;Sdeetranneﬂwi-di,&Jdmme distannoxane
(isonmers), 1,1,3,3-tetrabutyl-1, 3-di net hoxy

(dbAfeasnoxane 3 Beew@Emelhyl-1,3-didecyloxy  distannoxane  (isomers),
1,1,3, 3- tetrabutyl 1, 3- dlethoxy di st annoxane

1(1 SoRAEbutylH, 3- d%nétﬁcﬁ‘&r abut yl - 1gi3taHn@%8REXY (isomers),

di’st annoxane I SOnmers)

" %b%eeﬁg%b%m%qé@%ﬂ G puory AR | (somrs),

d t ner s .

b3 SRR 1 oy 0B ane  (somers)
(| somers) 3-tetrabutyl - é - di hept yl oxy .
141 -Siatetrsbubd- 1( 3% Py | istannoxane (isomers),
1,1,3,3-tetrabutyl -1, 3-di octyl oxy di stannoxane ]
1(1,§M@utyl-1,3 pentyloxy distannoxane (isomers),
1,1,3,3-tetrabutyi-1,3-dihexyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-diheptyloxy distannoxane (isomers},
1.1,3,3-tetrabutyl-1,3-dicctyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-dinonyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-didecyloxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dimethoxy distannoxane (isomers),
1,1,3,3-tetraocyl-1,3-diethoxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dipropoxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dibutoxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dipentyloxy distannoxane (isomers),
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1,1,3,3-tetrabutyl -1, 3-di nonyl oxy di stannoxane
(isoners), 20 1,1, 3,3-tetrabutyl -1, 3-di decyl oxy
di st annoxane (i soners),
1,1,3,3-tetraoctyl -1, 3-di net hoxy di st annoxane
(isonmers), 1,1,3,3-tetraocyl -1, 3-di et hoxy

di st annoxane (isoners),

111.3, Btedracetyldotihexy)dydi pr opoxydigtann@xaogane (isomers),
(isomers), 1,1,3,3-tetraoctyl -1, 3-di but oxy
10 St Rteteceng- 1 3-slivaptglbxy 25 distannoxane (isomers),

1,1,3,3-tetraoctyl -1, 3-di pentyl oxy di stannoxane

11, 3B RitRoctyl 263 -HidotyloRy t et r aoct YdisthnAostah@xyl oxy  (isomers),
di'st annoxane (isoners),

114 ,%’ﬁtéfego%hﬂ?l?fl%om%gﬁi heptyl 0&%@3{@5@%0%“8 (isomers),

g!sbners , i aoctyl -1 I octyl oxy
1y} S ERRRRTE B R, JARee s fsomeRler  the ke
1ol S ERIGHEUAE T SIFRUIRYor ¢ ne ApiaBndxanés ™Y Y such as

1, 1,3, 3-tetraal kyl -1, 3-di acyl oxy di stannoxanes s&lch as
111,38, Btetrarmethyb =t $igeetoXy- di acet oxy di st annoxane, distannoxane,
1,1,3,3-tetranet hyl -1, 3-di propi onyl oxy di st annoxane
1,1.8chtategmethyl-1,33qiprapiendest hy! - 1, distanaxang| oxy  (isomers),
di st annoxane (isoners), 10

111,38, BiRramaéethght 3hgibutyrdory val er yl disfanticaaenoxane (isomers),
(isonmers), 1,1,3,3-tetranethyl-1, 3-dil auroyl oxy

1 St RIamMmeRy-1 3odwarTyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl -1, 3-di acet oxy di st annoxane

1(,"1,%%t%meth}%—},@di%dr&ﬂbﬁ@Ut yl -1, disthmricxainany! oxy (isomers),

di'st annoxane” (i soners);

13RS Yooy .02/ BigesogiR T (somers),
£ S PRBRRE SRR, & SR L Gaomer

1,1,3, 3-tetraoctyl -1, 3-di acet oxy di stannoxane .
1(s1@é’nﬁt@b,u"ylﬂ-§‘,°§?‘§¥W&’Waoct yl - 1,98tanReXaNgny| oxy (isomers),

di st annoxane (i soners), _ _
1,1,3,3-tetrabutyl-1,3-divaleryloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-dilauroyloxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-diacetoxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dipropionyloxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dibutyryloxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-divaleryloxy distannoxane (isomers),

1,1,3,3-tetraoctyl-1,3-dilauroyloxy distannoxane (including isomers) or the like;
and, 1,1,3,3-tetraalkyl-1,3-dihalide distannoxanes such as
1,1,3,3-tetramethyi-1,3-dichloro distannoxane, 1,1,3,3-tetramethyl-1,3-dibromo
distannoxane, 1,1,3,3-tetrabutyl-1,3-dichloro  distannoxane  (isomers),

1,1,3,3-tetrabutyl-1,3-dibromo distannoxane (isomers),
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1,1,3,3-tetraoctyl -1, 3-di butyryl oxy di stannoxane
(isoners), 20 1,1, 3,3-tetraoctyl -1, 3-di val eryl oxy

di st annoxane (i soners),
1,1,3,3-tetraoctyl -1, 3-di | aur oyl oxy di stannoxane
(including isoners) or the like; and,

1,1, 3,3-tetraal kyl -1, 3-di hal i de di stannoxanes such as

111,3, Btedratoey - dy3edibllord , 3- di chl ordisdinabzamexane, (isomers),
1,1,3,3-tetranmet hyl -1, 3-di brono di st annoxane,

111 3 ﬁte'iraio%yr aBudecrﬁo Fisthohbaire (thﬁheﬂsm@xﬂﬁehke

(|soners) 1,1,3,3-tetrabutyl -1, 3-di brono

di StﬁﬂﬂBFi?aﬁ%s(e' S‘?“ieﬁ %)tetraﬂ(yl 1 3—dsaikoxy distannoxanes such as
1,1,3,3-Tetraocyl - di chl 0ro di st anhoxane (i soners),

‘l]‘l é%téﬁ{élﬁétﬁ?f”f%'—dlﬂr[eﬁﬁ&gpr ono di stannoxane (i SOTg§@hnoxane,
L 1@-@‘%"%’@‘%‘?‘3@@ ehoR et hoxy di ot annoxane. Histannoxane,

t et th 1, 3-di et hoxy di st annoxane .
1:{',%,33{%[‘ tﬁ&ﬁ@ﬁ%ﬁpwwd. propox PR ane (isomers),
(i somers), 3 tetrarret hyl -1, 3- d| but oxy .

11 §t%tﬁimyk-| dlstannoxane (isomers),
1,1, 3,3-tetranet hyl -1 3 di pentyl oxy di st annoxane

101, 8dvstegmethyl 1 3-dipentyloanet idjstannaxanicnexyispmers),  1,1,3,3-
di st annoxane (isomers), 1, 1, 3,3-tetranethyl 10

tétramdtrybn{3:tivexyldixgt adistammexanes onfisomers),  1,1,3,3-tetramethyl-
1,1,3,3-tetramet hyl - 1, 3-di octyl oxy di stannoxane
(3-amawlbxy 1dist§m$o>taﬁfer a[Bémers)l, 3; HBERtTaethyl-1,3-dioctyloxy

di st annoxane I SOI’TET S

),
dist&nﬁb)isargeet @Hﬁ s t11e -4 ‘iéﬁ?lﬂn%ﬂ'éf_l ﬂ'.’?ﬁﬁiﬂh?me distannoxane

I Somers t i a uty - i met hoxy

(oRHeBR” o7 TRl A fiegVRey, o Fistpnngrane  (isomers),
1& éq\gﬁﬁrg%}[@g&s(%gg’ﬂ% 3_tetrabmyld#%ta?r’mglfx ropoxy (isomers),

1,1,3, 3-tetrabut 1, 3 di but oxy di st annoxane )
1¢1.3chiatapbutyl], Qd\ée thoxwet r abut yI - HISERNGKEREY | oxy (isomers),
di st annoxane (i soners), )

111,3, Besrabatyl dh3jpropeRy di hexyl oxdistansexanxane (isomers),
(i soners),

1,1,3,3-tetrabutyl-1,3-dibutoxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-dipentyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-dihexyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-diheptyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-dioctyloxy distannoxane (isomers),
1.1,3,3-tetrabutyl-1,3-dinonyloxy distannoxane (isomers),
1,1,3,3-tetrabutyl-1,3-didecyloxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dimethoxy distannoxane (isomers),
1,1,3,3-tetraocyl-1,3-diethoxy distannoxane (isomers),
1,1,3,3-tetraoctyl-1,3-dipropoxy distannoxane (isomers),
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1,1,3,3-tetrabutyl -1, 3-di heptyl oxy di stannoxane
(isoners), 20 1,1, 3,3-tetrabutyl -1, 3-di octyl oxy
di st annoxane (i soners),
1,1,3,3-tetrabutyl -1, 3-di nonyl oxy di st annoxane
(isomers), 1,1,3,3-tetrabutyl-1, 3-di decyl oxy
di st annoxane (isoners),

11,3, Btedraoetyl-dod-djbutaxy8- di net hoxglistinroxanexane (isomers),
(isonmers), 1,1,3,3-tetraocyl -1, 3-di et hoxy
1d1 3t$f91@0@m1(3-ﬁ¢p‘mﬂﬁbxy 25 distannoxane (isomers),

,1,3,3-tetraoctyl -1, 3-di propoxy di stannoxane

(1 SRSt fEoctyl-483-Hilexglokyt €t r aoct ydisfantrostaRet oxy (isomers),

iannoxane | SOMErS)

151; SIS ORI (romer)
J'? %P%Pq)&gﬁgélg%’aﬁn%ﬁ@ di heptyl oqffltaapgf(%'ﬁnoxane (Isomers),
1d ggge %ngmi 1($-§i t et raoctyl- &lsFanorlxlogt%}'lél oxy (isomers),

tetraoctyl - 1 3 d| nonyl oxy di st annoxane

3, 3-
1(,1 §65'rtﬂf@00tyl‘ﬂ 3-duleryloxyr distapnoxang gliga@grexyor the like are
di st annoxane (|soners) or the like are preferable,
peeferahle, 3 ahdt etl; BB A-tetrabubyddi, Ddlibutoxyli ddislanoguanre (isomers),
(isomers), 1,1,3,3-tetrabutyl -1, 3-di pentyl oxy
101 3t Batuicabahy- 1, B-glipantglpxy 10 distannoxane (isomers),
1,1,3,3-tetrabutyl -1, 3-di hexyl oxy di stannoxane

1(1 SWtﬁa)butylll S—dﬁwé’aMW abut yl - 1gidtehinexahe! oxy (isomers),

di st annoxane (i somer S

1((?] ?bfrteer?tgb%ﬁﬂqb§% éﬂngflagg: z: OXwéﬁldl but oxy e (tsomers),
JI t@@%@ﬁé&%?@@!‘%’m pent yl quSta('JI"Pg AMfoxane (isomers),

1de 303'; gdlgitﬂ.ﬁps tetraocty| .s%ar%”no‘%'éaﬂ%"y' oxy (isomers),
1,1, 3, 3-tetraoct I-13d|het | oxy di stannoxane .
161 Schisateoctidr!, $-|qﬁu/oqq tylaxy PLYT O Gistannoxane (isomers),
1,1,3,3-tetraoctyl -1, 3-di octyl oxy di stannoxane ]
1(1,3c3-taliangty dodeihexyiaxynor e ~ pr edistatsiosane (isomers),

1,1,3,3-tetraoctyl-1,3-diheptyloxy distannoxane (isomers), or the like
1,1,3,3-tetraoctyl-1,3-dioctyloxy distannoxane (including isomers) is more
preferable.

Although the monomer structure of the tetraalkyl dialkoxy distannoxane is
shown in formula {19), this may also be a polymer structure or aggregate
structure.

In general, organic tin compounds easily adopt an aggregate structure,
and although, for example, dialkyl tin dialkoxy tin is known to form a dimer
structure, and tetraalkyl dialkoxy distannoxanes are known to be present by

forming a ladder structure in which two or three molecules are aggregated,

29



10

15

20

25

Al t hough the nmononer structure of the tetraal kyl

di al koxy di stannoxane is 20 shown in fornmula (19),

this may al so be a polynmer structure or aggregate
structure. In general, organic tin conmpounds easily

adopt an aggregate structure, and although, for

exanple, dialkyl tin dialkoxy tinis known to forma
edenein casesidhuwhichatiieree arenathepigedi il thisyaggregated state, the
di stannoxanes are known to be present by 25 formng a
répregentasivn Wit cempounbiiin hhé ferne bf ahmeaomerestrlctireds common
aggregated, 29 even in cases in which there are

ahldReS5e basilyNifdcrS@oaI & Pefdoi Rith ohdinareskie Fetheadrt.on
of a conpound in the formof a nonomer structure is

ConMBRER, HORALIA DS LRRp s cofpoltimay o
BB, b o B A SRR o 5 0
oL el AN e, Bt 5L Bkl v,

a known nethod (for exanple, the nmethqod, described in
opsangbe mroducedssasyding 1R, arknawn methad Jfygrample, the method
oxide with at |east one conpound selected fromthe )
desoiilped: imbiSs Patent d¥o. H540666h bly, reacting anossgenic tie ioxide with at
aci d anhydri de, carbonic acid ester and hydrogen

ldwsti dee tompourd bgleciedoviony themgooemt sonsisting rofngnaaicohol,
wat er generated fromthe reaction liquid in the case

cufidylic Sadi@neichf efhhytfidé heafiariietadial edter rand ytiréders halide
di al kyl tin catalyst, a dialkyl tin oxide represented

fctﬂmﬁébe bgorlehWﬁ@ coffipBHientd %Qh?iﬁnﬁgér?’gﬁ Waltby gehefité@from the

organic tin 15 oxide: Rl 1
reaction liquid in the case water is generated.

In the structural formula of this dialkyl tin catalyst, a dialkyl tin oxide

represented by the following formula (20) is preferably used for the organic tin

[
\ls /s

(wherein each of R and R'® independently represents a linear or branched

oxide:

(20)

alkyl group having 1 to 12 carbon atoms).

Examples of R™ and R include alkyl groups in the form of aliphatic
hydrocarbon groups having 1 to 12 carbon atoms such as a methyl, ethyl,
propyl (isomers), butyl (isomers), pentyl (isomers), hexyl (isomers), heptyl
(isomers), octyl (isomers), nonyl (isomers), decyl (isomers), undecyl (isomers),

dodecyl (isomers) group or the like, preferably linear or branched saturated

30




10

15

20

25

15 n (20) (wherein each of R14 and R15 independently
represents a linear or branched 20 al kyl group havi ng

1 to 12 carbon atons). Exanples of R14 and R15 incl ude

al kyl groups in the formof aliphatic hydrocarbon

groups having 1 to 12 carbon atons such as a nethyl,

ethyl, propyl (isoners), butyl (isoners), pentyl

alkyt grassps) havieg Vil to(8 sarbensytprnrise ngimore preferadly, an atlyityl group
(isomers), nonyl (isomers), decyl (isoners), undecyl

of inseetgrgrbup25 dodecyl (isomers) group or the like,
preferably linear or branched saturated 30 al kyl

gr oUDGnhes N8f kohthotindiar Rsuttéd OWRh hed ofgdrfic Plief ®idd| include
an n-butyl group ‘or n-octyl group. Exanples of
aaTcﬁiCHbo%‘oF}g%Hla?%é%%g& Bf‘%aﬂ:;cgf‘ﬁtcﬁn Odrg)ngyiouglgng fie! 4Bhol is a

I n which nunber car

[ C a L4 S 0
rffts, Sebiesy i P Myet pro1 . TRna5ien 8 i Bfncl “Eihanol,
propanagl (i somer but anol . (i sqner s). entayrt ol .
ool spmerah iipnol Gasiaris). PmtaRpLUsaerohERael (somers),
octanol (isoners), nonanol (isomers) or decanol .
heptanad (ispmerga o f (isomers)s nppang]; (semee) AU ABEANg(isomers);
carbon atons constituting the carboxylic acid is a
cathmalic sacidst id whiehn the inmweberr off carbpp atoms ueenstituting the
formc 10 acid, acetic acid, propionic acid, n-butyric
carbakylic sclouisya nomber deleciddfrom acindeger sV dd AP sueltad formic
2-met hyl but anoi c acid, pivalic acid, hexanoic acid,

acRD Gaetiel cid Aprapiodiceddiyl| BB @cRE iisobutyric acid, valeric acid,
2, 2-di met hyl but anoi ¢ aci d, heptanoic acid (isoners),

iFaRHR ScillC Q%%}%?é?lc ékﬁﬂ‘,gﬁﬂriaﬁc i He:@PBRY atid, isocaproic

decanoi ¢ acid ( , undecanoic acid (isomers) or
SPRLEANFARIE s 2B TBRIE UH I8P sy
o R SO0 RS oy 3t Whers),
ugag%ég ,eqpicll S(;%%H‘Eeyrg)l or %%h eggkgig'ac\:gg l(?sroin?er% ;hzcgéliadnﬁ'iydrides in
which the number of carbons constituting the acid anhydride is a number
selected from an integer of 3 to 25, such as acetic anhydride, propionic
anhydride, butyric anhydride, isobutyric anhydride, valeric anhydride, isovaleric
anhydride, succinic anhydride, maleic anhydride or propionic anhydride;
carbonic acid esters such as dimethyl carbonate, diethyl carbonate, dipropyl
carbonate (isomers), dibutyl carbonate (isomers), dipentyl carbonate (isomers),
dihexyl carbonate (isomers), diheptyl carbonate (isomers) or dioctyl carbonate
(isomers); and, hydrogen halides such as hydrogen chloride, hydrogen
bromide or the like.

Although varying according to the reacted compounds, in the case the

reacted compound is an alcohol and / or a carboxylic acid, although the
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anhydri de, succinic anhydride, maleic anhydride or

propi oni ¢ anhydri de; carbonic acid esters such as

di met hyl carbonate, diethyl carbonate, dipropyl 20
carbonate (isoners), dibutyl carbonate (isoners),

di pentyl carbonate (isoners), dihexyl carbonate
(isonmers), diheptyl carbonate (isoners) or dioctyl
aommumimcor(qlmpmfepablsanmxmmmd oathel erganie inaxide since
hydrogen chl oride, hydrogen brom de or the I|ike.

thé réantion igPpresuaeddodedlan @qudibrinm rezutivadvitintbe naisge of 2 to
in the case the 25 reacted conpound is an al cohol and

1000tirMes Ak R tdishidRiclic Patid'er e AIBSholdndBrBarbkylic acid to
al cohol is preferably in excess based on the organic

tihe %r@é‘ﬁlg‘ilrﬁb%@ i} ESné@éﬁﬂoﬂ” &eoétﬁé%ﬁﬁetr%aéﬁoﬁWessel it is

equiTibriumreaction w erangeo 2to

ARSI A i00 I 1 i b i e
rRa5s 0hB 2P S0 GS %.pﬁe\ﬁﬁgsﬂva%asr'mé‘%%?;Qa%?vsrf?smeawub"um
nore preferably W|th|nthe range of to 50 tines
reactionoard & BRRISTADH AR M fﬁmwna@naq@@tpr ssnsrﬁted A
reaction and is preferably carried out_while renoving

kapywnvmethodyearebatused i repiayerthgevaten caxamplegsfsuch methods
renove the water. Exanples of such nethods for

foreremovigg wedter inciode deembrdneaseparatianausef dehwydedting agents
dehydrating agents 10 and distillation. An exanple of

amendisBiRiope P AréxaMplengPnepsbaak \separatiorp nvoWeshpervaporation
hol | ow fi ber, and an organi ¢ dehydrati ng agent or

B IBILR, o gty ooy o deartng

SEB] 5 LSl oind B KBiel, RS % ogani
EHIPY, "G Tl obeE > BoPBolRe KB Spgpungs, and
OBPREIGH| GRPOY i Wi PYRTIPIES m*%"é‘ré'aﬁ%eé%wdéah&@ggats that
cl;grbé Txgeéeiﬁgltugg ; lrﬁcﬂgglhla?%?eﬁfg b?r? tﬁg oc\é\%e of gsmg distillation, an
alcohol and / or carboxylic acid having a boiling point higher than water at a
norma! pressure is used for the reacted alcohol described above, and the
reaction is preferably carried out while extracting water generated in the
reaction outside the system in the form of a gas phase component. The
reaction temperature is normally room temperature (20°C) to 350°C (for
example, 80 to 180°C in the case the reacted compound is an alcohol), and
although a high reaction temperature is preferable for increasing the reaction
rate, since there are cases in which undesirable reactions such as

decomposition occur at high temperatures thereby decreasing yield, the

reaction is preferably carried out within a range of 100 to 160°C. A known

32



10

15

20

25

reaction is preferably carried out while extracting

wat er generated in the reaction outside the systemin

the form of a gas phase conponent. The 20 reaction
tenperature is normally roomtenperature (20C) to 350C
(for exanple, 80 to 180C in the case the reacted

conpound is an al cohol), and although a high reaction
coelime apparatus or heafieg appardtos mayw beadsstalied irethecteaction vessel
rate, since there are cases in which undesirable

foretdd panpseushmaintaitirep Bpemistastreaction temperathre. In addition,
tenperatures thereby decreasing yield, the 25 reaction

dithoDpsf 04 SQI0rding Yt thid t#)p8s aof aEifpSinddused, reaction
168C§ A k%\/\% 32 rcogl i ng apptgPat us or hgati ng

t?rﬁgéfélhfésaﬁalﬂ?@ﬁké,nt‘ﬁbﬁjebﬁﬁoﬁ Brédieiré 3%} b8 WRRRBH préSsure, a

purpose of malntalning a constant reactl on

e e

and .t he like, t eact i ressure nmay be reduced..

G bt the ehge o 6°F ke P4 °SThGTE aTRncuBardglfet Wiations on
gﬁgessure, .and the reaction is normally carried out .
thg reastiomimedregidence timeginithg case @2 CPAlipYOUS praggss), and is
particular limtations on the reaction tine

normaallyl éioce 0004 to 50t heursa peeferabdy diom i0@bie 16 bewssand more
and is normally fromO0.001 to 50 hours, preferably
prefenaltly Grom 0. 116 Bdwouss.anid therpresemtedrabedimerts, caltt@ughtibis not
2 hours. In the present enbodi nents, although it is

nzeksdatil PEqIre o Yisé e ridctidnt solvsit, @ duf@able herbsblivent can be
a suitable inert solvent can be used for the reaction

uselv ttﬁé”reh@ﬁorf%d?\‘iéﬁﬁ ir Elﬁff:'réclllreaéérkﬂ‘ FSitaBRs theNreaction

procedure, exanples of I C de ethers, allphatic

4?%%{&{? rké%fh&@%‘? of WRiEH iilffcl{]é(f)%é %?Fsboﬁlﬁ)ha%ckﬁg%carborls and

ype're 1 on vessel ype ‘reactidn vesse
di.stillati I b d f Lk ti
2Rmalie | hYaeamars; nofly AMRARRNKTRg Jpactdn, Vsl cfower-type
for the materials of the reaction veégel and |.i nes

reagtiariuesseh &y digiilation calnn carhe HeRd dpr ther ieactigh vesgel, and

starting substances or reacted conpounds, materials
althotgh knswaamateri@lsgan hendsed for the materials of the reaction vessel

and lines provided they do not have a detrimental effect on the starting
substances or reacted compounds, materials such as SUS304, SUS316 and
SUS316L are inexpensive and can be used preferably.

In the case the reacted compound is an acid anhydride or carbonic acid
ester, although a dehydrating agent as mentioned above is not required since
this reaction does not result in generation of water, other conditions are the
same as in the case of using an alcohol and / or carboxylic acid as described
above.

Since the reaction in the case the reacted compound is a hydrogen

halide also results in the generation of water, it is preferably carried out while
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SUS316L are inexpensive and can be used preferably. In

the case the reacted conpound is an acid anhydride or
carbonic acid 20 ester, although a dehydrating agent

as nentioned above is not required since this

reacti on does not result in generation of water, other
conditions are the sane as in the case of using an
reimoying thendenerated avaterxy IThe bydrdgen hRlider inaycalsalbevgsed in a
Since the reaction in the case the reacted conpound is
gasepds agste, add halrbgen dafideriastktformnoft e greeustsolution may
of water, it is preferably carried out while 33

dIS3TBE iUsedt NRIRNABH TonditivRbind rE2RtON depperathal Arethessame as
al so be used in a gaseous state, and hydrogen halide

ilhzihé Basd of ﬂ%ng@ a"i\rblé‘&ﬁ’&gé@ A HrbOKyIitBacid 85 %%séﬁbé@ﬁgove.

eact on condft1ons an eaction tenperature are t
same as in the case of using an al cohol and / or
carboxylic acid as descri bed above. 5 <Ester
Comp dsxz Al though the dialkyl tin catal yst used in
t he %st%m%&g%nts refers to an organic tin
conmpound t hat denonstrates catalytic action in t

pr octhqugh ther dialiyb tin caiyeinesed imthe emenégmoﬁrﬁents refers

conpound” as used in the present 10 enbodinents refers
to @ncergBoiotin compbuné thatrdemensitates catadicdadtiondnp the production
i socyanate or carbonic acid ester. Exanples of

of agster yWdonspaumds, etheeterm febtedecarnppbnd'| asc asbdxipl thee present
acid esters such as ethyl acetate, propyl acetate

enisediRIehls refeisylo GaBbRYIR 4did WBHSIS carbapsinicyhcid &steér! Bocyanate
(isomers), hexyl acetate (isoners), cetyl acetate,

dfic%)‘tﬁoxﬁé‘é%-ﬂé‘s ef® 2-ethyl butyl acetate, 2-ethyl hexyl
acetate, 2- heroxyet hyl acetate, 2-nethoxyethyl

s e, BY fofiRc R Baiht RS, gt oo ac
e%{é)rgis%% taes’ etrﬁs} Q&mpeqtﬁfagfrleace%t@/(%so?ﬁ% f,aéu?yl acetate (isomers),
pentyl acetate (isomers), hexyl acetate (isomers), cetyl acetate, vinyl acetate,
2-ethylbutyl acetate, 2-ethylhexyl acetate, 2-hydroxyethyl acetate,
2-methoxyethyl acetate, methylene diacetate, ethylene diacetate, diacetin,
triacetin, methyl propionate, ethyl propionate, methyl butyrate, ethy! butyrate,
butyl butyrate, iscamyl butyrate, vinyl butyrate, ethyl hexanoate, vinyl
hexanoate, ethyl heptanoate, ethy! octanoate, ethyl nonanoate or the like; and
aromatic carboxylic acid esters such as methyl benzoate, ethyl benzoate,
diethyl benzoate, benzyl benzoate, ethylene dibenzoate, diethyl phthalate or
the like.

Examples of carbaminic acid esters include ethyl N-methylcarbamate,

diethyl N,N'-ethylidenedicarbamate, ethyl N-acetylcarbamate,

N,N'-hexanediyl-bis-carbaminic acid dimethyl ester,
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butyl butyrate, isoanyl butyrate, vinyl butyrate,

et hyl hexanoate, vinyl hexanoate, ethyl heptanoate,

et hyl octanoate, ethyl nonanoate or the |ike; and 20
aromati c carboxylic acid esters such as nethyl

benzoate, ethyl benzoate, diethyl benzoate, benzyl
benzoate, ethyl ene di benzoate, diethyl phthal ate or

N, Nehexarediphbisigadsarainicar bam niacidaci d est @iethyincl ude ester,
et hyl N-nethyl carbamate, di et hyl
N\NNhegahedividsisearsaniaerat e, adgid hy! d}ibagfvt yl cegteamat gisomers),

25 N, N - hexanedi yl - bi s-carbam ni c acid di net hyl ester,

h?l“d Ne%nétﬁ%l%l@-‘@a)‘tbarhlrﬁc car lam ni ¢ o?f%rﬁgld' et B¥lerest gisomers),

N - hexanedi yl - bi s- car bam ni c aci utyl ester

l\(Nsﬂ éﬁ’édl terlg(arﬁgrﬁﬁ{'@d' Yladi S-CafiR@IN © 8&kf (isomers),

I soner
%“aﬁ%%z R %6, LR o8 coomor
I‘f\lkllﬁlﬁt %@ﬁﬁﬂg? 1(‘;3%)%%%& bani@fid acididefecy| etef or (isOMers),

,\f; SOIer s) N N - hexanedi yl - bi s-car bani nic acid )
Nph@n@metﬁglttys-cgrtgamwg) acid diphenyl ester (isomers),
N, N - hexanedi yl - bi s-carbam ni c acid di (et hyl phenyl)
héNt-hexame;ﬁylﬂlis—)c,arbamNic h eacid e ddifinetthyplemtani ester adisbmers),
di (et hyl phenyl ) ester, 10

N\NNhekanedigichiyicatbaminde bam niacid di(ethylphenyl) ester,
aci d- bi s- (di net hyl phenyl) ester (isoners),

N\WNheksredipbiy cabbampie Daigidlbis- (dlmethylphenyl) ester (isomers),
aci d- bi s- (dlbutylphenyl) ester (isonérs),

N;'fell ?i&l@?ﬂl i Pc?aﬁn@ﬁt{/:)?éﬁgg'tb‘?s (CZI uty rPﬁ‘heryl) ester (isomers),
NherFifgtiteoRitonfl ) Wadhh- pr%wpr'mb £ cdisgmers)
MlélOﬁéam C Qctgd e te"{]ﬁ'i'%g&biﬂﬁéﬁ? i SO %%E‘%Jﬁgtlggyl

(i somers) pent yI i socyanate (i somers
i sodxamples (pEdpesyanic iagh yestesodpelkde ee‘(hy& dﬁeemnate propyl
octyl isocyanate (isomers), nonyl isocyanate

igdcyanatesiincluding isopwrgarinty isbeyanats)(jsomers), pentyl isocyanate

(isomers), hexyi isocyanate (isomers), heptyl isocyanate (isomers), octy!
isocyanate (isomers), nonyl isocyanate (isomers}, decyl isocyanate (isomers),
phenyl isocyanate (isomers), methylphenyl isocyanate (isomers), ethylphenyl
isocyanate (isomers), butylphenyl isocyanate (isomers), pentylphenyl
isocyanate (isomers), hexylphenyl isocyanate (isomers), dimethylphenyl
isocyanate (isomers), diethylphenyl isocyanate (isomers), dibutylphenyl
isocyanate (isomers), naphthyl isocyanate (isomers), hexamethylene
diisocyanate or the like.

Examples of carbonic acid esters include aliphatic carbonic acid esters

such as dimethyl carbonate, diethyl carbonate, dipropyl carbonate (isomers),
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phenyl isocyanate (isoners), nethylphenyl isocyanate

(i soners), ethyl phenyl isocyanate (isoners),

but yl phenyl isocyanate (isoners), pentyl phenyl 20

i socyanate (isomers), hexyl phenyl isocyanate

(i somers), dinethyiphenyl isocyanate (isoners),

di et hyl phenyl isocyanate (isoners), dibutyl phenyl

ditndyly caboaals ¢isomess), dipentyhgarbonaty fisamers), gbh@gg)qarbonate
hexamet hyl ene dii socyanate or the Iike. Exanples of
(isomzos), dipentgl eatbmrate risowdash diptigt icarbmmabe risonwars)] dinonyl
esters 25 such as dinethyl carbonate, diethyl

capsdinatRonikray &P the dked Al arbmatitedibonic3acidi éatéml such as
carbonate (i soners) di pentyl carbonate (isoners),

a‘éﬁﬁgﬁ% @bgaf@ta Hﬁéﬁ)l) c?drBSﬁ‘ét\é' (eemzé?@ﬁt fi(ethylphenyl)

| octy onat e I SOYTEI‘S di no

i d“sfi*@?’ B gi oAt (o Sersi R ?:'S?Efﬁhit e
S cAUDBNaTRESapYlgt EomBROngs) PTG e, Spiels Al B avle.
et dp aCioT, e%&n%%%ntu%ﬁp%é&%%ﬂ%mé’ Eéfrfoéa%ih?fﬁhn satalyst

deactivated fornms of the dialkyl tin catal f or med
fermedh gluring ﬂ?&)@é@@sﬁofmppf@ﬂu&nlgcé@oﬂtmﬁ@lfééﬁtﬁfésff@ﬂscarbm
fromcarbon dioxide and the dialkyl tin catalyst is

dinede ramidl theudiadkyl din tatalysb rip geeferably aisedl fordibaeccdraposition of
forms of the dialkyl tin catalyst in the present
deabpelitarférms sDRcdialkg! vl calalystin thel prespneembbdiments.

descri ptl on, the term "deactivated formof dialkyl tin
catalyst” is used in relation to the above-nenti oned

di al kyl tin catalyst, an 15 explanation of this term

| s mﬁ%@ﬁq@g SFEQh> Deactivated forns of the dialkyl

I'n the present errbodl ments refer to

595 g ol PR RR e i, f“‘@%%*@%s%d fayn gt dislkyl i

struct re tha differs from aid d|
calalyst nl‘;ls used gn relation to' the agove -men |0n d dlaﬂwf in thSa yst, an

explanation of this term is provided below.

Deactivated forms of the dialkyl tin catalyst in the present embodiments
refer to organic tin compounds generated from the above-mentioned dialkyl tin
catalyst that have a structure that differs from said dialkyl tin catalyst, and in
which catalytic action in the production of said ester compounds is decreased
as compared with the dialkyl tin catalyst.

Deactivated forms of said dialkyl tin catalyst are preferably
heat-deactivated forms of the dialkyl tin catalyst. In many cases, the number
of alkyl groups bound to the tin atom in such deactivated forms of the dialkyl tin
catalyst changes to 0, 1, 3 or 4. Namely, as previously defined, although the

dialkyl tin catalyst has two alkyl groups bound to the single tin atom, a
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whi ch catalytic action in the production of said ester
conpounds is decreased 20 as conpared with the

di al kyl tin catalyst. Deactivated fornms of said

dial kyl tin catalyst are preferably heat-deactivated
forms of the dialkyl tin catalyst. In many cases, the
nunber of al kyl groups bound to the tin atomin such
deegtivatedt foamf isr a8 arganicetinliconigydurd eriginating isemctirendiatkyl tin
to 0, 1, 3 or 4. Nanely, as previously defined,
Italysiuighmlhibb thé miinabdrydf alkyl graups siundalo m\aCsinglbytin atom has
groups bound to the single tin atom a 36 deactivated

Heebmd diffthelt faRi thati 6f GMBRINGA T Icgtdrl]%;tl nmehbmatéaerorms of

di al kyl tin catalyst in whi ch t he nunber of alkyl
pstido &t heesi omh co
IRPP SOl s ! oS! Blbridd) B OB ormRA°OBEzording to 3

resébl\f@h?ﬂoﬁ %éﬁ'o%e%h&k@ gfm dll?gv?@ gAr}‘rﬁ}Iac’ (fui )°in the case the
r.oportionatiqn.reacti nshovvnlnthe
Cﬁﬁ‘ﬁ%} E’%e%ti ARY Bk S8S itRioaien g abfardg 18 Hg following
di al ko 5 t annoxane, or according to the foI | owi ng
TorRufa(82) indheicase e satalvat i aclialkylfin dialkoxides al kyl ti n
di al koxide: RO\ (21) R IiO-SI\R _~ RNRR + RR
snoCRCRandsoon RO2R _, Ro /ORy OR -~

%, s )RR R an so {on
Sy 7O LR (22) < sl\o (21)
R I I R R R r”
OR' OR'
and so on
R OR' R OR’ RO or
IS S Y G I g (22)
| AN JTSor’
R R R
OR'
and so on

(wherein each of R and R' independently represents a linear or branched alkyl
group having 1 to 12 carbon atoms).

Although it is difficult to identify the structures of all deactivated forms of
the dialkyl tin catalyst, at least one type of said deactivated forms is a trialkyl tin
compound indicated below. For example, there are many cases in which the
trialkyl tin compound represented by the following formula (23) is contained in
a deactivated dialkyl tin catalyst and is formed at roughly half the amount of
said deactivated form in terms of the stoichiometric ratio. The triatkyl tin
compound as referred to in the present embodiments refers to an organic tin
compound in which three alkyl groups are bound to the tin atom, and said alkyl

groups originate in a dialkyl tin catalyst:
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10 (wherein each of R and R independently represents

a linear or branched al kyl group having 1 to 12

carbon atons). Although it is difficult to identify

the structures of all deactivated fornms of the

di al kyl tin catalyst, at |east one type of said

deactivated fornms is a trialkyl tin conpound

i ndi cated bel ow. For exanple, there are nmany cases in

whi ch_the 1p trialkyl tin conpound represented by the

folldﬁrﬂgffornula (23) is contained in a deactivate3)

di al kyl t\p catalyst and is fornmed at roughly half the

amoun'’of R'8i d deactivated formin terns of the

stoichionetric ratio. The trialkyl tin conmpound as

(WRERSiA S¥hckPof RI%NRRIIeSCAhq ohapieTeht ?r({;gﬁsebﬁ%ﬁwﬁti from the
n e al g

organic tin compound i ichthre roups are
- t18 @i gl ' 20BBSRH4 RS 6
@@F%‘ﬂwaﬁ?%éﬁﬁtﬁ o R B naﬁe:%%f*@??:yﬁ%’?%gi PRETRY R® and R®,
. 7\ eLei P ea f R16, R1l7, R18 and X
qg‘ééké%g‘%@%\s@r -i’ﬁ%ﬂ‘?ig‘" Tomthe 5 dialkyl tin
catalyst, R16, R17 and R18 are selected fromRl, R2, .
R3, ERemples picsysh triakev tih campayads éfbchﬂ%rtﬁl@rﬂiyl-%@xvxgn such
and X4). Exanples of such trialkyl tin conpounds
asntimetbyltiiethaxy! tim igsgthyl-ethoyy Rin, dEmethyiprogexyntin Hisomers),
tin, trinmethyl-ethoxy tin, trinethyl-propoxy tin

timethybbsijoxy t rtinet hjsomershxy trimethybpemtyloxy tin  {isomers),
trimethyl-pentyloxy tin (isoners), 10

titinhie _héky!bﬁ§<y| oy tlisbniespertsimethylihaptyisky hegihy| qigomers),

tin (isoners trimethyl-octyloxy tin (1soners),

et . | - ocl " ).
t@‘ﬁm‘” g’.b%‘%’% | :tlgfhgg?lmte?‘égp(i(ﬂgﬂefﬂjgw)%}hyl methoxy tin (isomers),

b@!ﬁl-ﬁ;mg#ﬂlﬁ%ﬂﬁxyg{}ﬁgggg?#%&()i( L%@&Fg@ethyl-propoxy tin (isomers),
o TS50, G pb e enony . Gsomers)
OB mBINTEPRYYIORE T GRpmars), DuGhaTasthy-neptyloxy tin (isomers),
b?iltjg}l}/dlirhg%hr;?-togk;ic;xr}or%l ?i)é)clmh-:jrg),(lioat?llrlgirn?()ethyl-nonyloxy tin (isomers),
butyl-dimethyl-decyloxy tin (isomers), dibutyl-methyl-methoxy tin (isomers},
dibutyl-methyl-ethoxy tin (isomers), dibutyl-methyl-propoxy tin (isomers),
dibutyl-methyl-butoxy tin (isomers), dibutyi-methyl-pentyloxy tin (isomers),
dibutyl-methyl-hexyloxy tin (isomers), dibutyl-methyl-heptyloxy tin (isomers),
dibutyl-methyl-octyloxy tin (isomers), butyl-diethyl-methoxy tin (isomers},
butyl-diethyl-ethoxy tin (isomers), butyl-diethyl-propoxy tin (isomers),
butyl-diethyl-butoxy tin (isomers), butyl-diethyl-pentyloxy tin (isomers),
butyl-diethyl-hexyloxy tin (isomers), butyl-diethyl-hepiyloxy tin (isomers),
butyl-diethyl-octyloxy tin (isomers), dibutyl-ethyl-methoxy tin (isomers),

dibutyl-ethyl-ethoxy tin (isomers), dibutyl-ethyl-propoxy tin (isomers),
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butyl - di met hyl -decyl oxy tin (isoners),

di but yl - net hyl - met hoxy tin (isoners),

di butyl -met hyl -et hoxy tin (isoners),

di butyl - met hyl - propoxy tin (isoners),

di butyl -nmet hyl - butoxy tin (isoners),

di butyl - net hyl -pentyloxy tin (isoners),

dibuiyt-gthylbutoxy- hixy [(somers); (dibotybethyl-pentyloxy tin  (isomers),
di butyl - met hyl - heptyl oxy tin (isomers), 20
dibbyl-gthyivaekylbxpctin| gispnidrs), ( idisutpksthyl-heptyloxy tin  (isomers),
but yl - di et hyl -met hoxy tin (isoners),

dibiityl-etiyRbBiloGt RAXY (iEbMefd)s OBBIyEdipropyl-methoxy tin  (isomers),
but yl - di et hyl - propoxy tin (Isomers),

tﬁ{ﬁlﬁ@ﬂ;}p@ Eﬁ'ioxgmtm(y iEbfhefd Soﬁﬁgﬁ&propyl—propoxy tin  (isomers),

entyl xy t| (1sonme

I:@H{vly#iblgjpg EM*DXH éiﬁ;f’@@ﬁ%@h (ﬁﬂgﬁc{e@)qpyl pentyloxy tin (isomers),
@%{/ﬁﬁ@%})& Héyylomyl O e ing&f gfarb%l-heptyloxy tin (isomers),

di but yl - et hyl - et hoxy t|n (|sonE )
tﬂtglpmpy FRGAYINYo Bk %qum\ere;) 'S Mtglrpropggmethoxy tin (isomers),

di butyl -et hyl -butoxy tin (isoners), )

dibutyt-propyl-athoxyertiny | Gagmers), ( disrrrppyl-propoxy tin  (isomers),

di butyl - et hyl - hexyl oxy tin (isoners),

dilbistyt-propgt-bytoxige diny | Bomers) (ditnﬂybpmpyl-pentyloxy tin (isomers),

di butyl -ethyl -octyloxy tin (isomners),

d@blt!ityl pwpm-ﬁéxwomtthﬂ%dﬁérsil &mm]ISﬁropyl -heptyloxy tin (isomers),
utyI dlpropy -ethoxy tin (1soners),

ro y o) i i
L S b 0 o

tﬁU@l&' e opyI exyr%dd [ﬂ@%ﬁ ésomem) tributyl-butoxy tin
Hﬁf"sg ?%’-ﬁy P%@?{?&g @Qt ,t(fﬁn t}tYI -hexyloxy tin (isomers),

dlbut o nmet hoxy tin (is

tab%ful—%n@mﬁ% émhox&i\épmr%)i(sonﬁnﬁy}vl -octyloxy  tin  (isomers),
di butyl - propyl - propoxy tin (isoners

aptyhetimethvl-spsthosyt By (aspme@'g};m@pwj-dimethyl-ethoxy tin (isomers),
di but yl - propyl -pentyloxy tin (isoners), 10
agityhdimiethyl-ppogpoxyextin oligomers)( | eoiybdmethy!—butoxy tin (isomers),
di butyl - propyl - heptyloxy tin (isomers),

ottyHdimethiyil-pentylost YihO?SOmieI‘s)( | cotytedisethyl-hexyloxy tin (isomers),

tributyl-methoxy tin (isomers), tributyl-ethoxy tin

l+mpr, | L
#W%E‘?‘;P* éSPEXWWy Y P (BRiers] Ll figiEiHoctyloxy i (somers)

cHy %gﬁqyﬂ]gpw z{lrt! P@%Q%ﬁdgﬁl-@uﬁgm EFC%IO)% tin (|somers)
Jodyibrtr r"i%tbﬁys o g ieiBh o BT eh by tr somers)

dioctyl-methyl-propoxy tin (isomers), dioctyl-methyl-butoxy tin (isomers),

dioctyl-methyl-pentyloxy tin (isomers), dioctyl-methyl-hexyloxy tin (isomers),
dioctyl-methyl-heptyloxy tin (isomers), dioctyl-methyl-octyloxy tin (isomers),
octyl-diethyl-methoxy tin (isomers), octyl-diethyl-ethoxy tin (isomers),

octyl-diethyl-propoxy tin (isomers), oclyl-diethyl-butoxy tin (isomers),
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oct yl
octyl
octyl
octyl

- di et hyl
- di et hyl
- di net hyl
- di et hyl

-propoxy tin (isoners),

-butoxy tin (isoners),

-pentyloxy tin (isonmers),

-hexyl oxy tin (isoners),

octyl -di net hyl - heptyl oxy tin (isomners)

octyl -di net hyl -octyl oxy tin (isoners),
ootyl-dietlylsperitylbxyotinl dispnters), (mibyitmethyl hexyloxy tin
octyl -di net hyl -decyl oxy tin (isoners), 20
obiypdiethylFspiylbxyretinoxisdmers), soctpkdipthyl-octyloxy tin

di octyl -nethyl -ethoxy tin (1soners),

Sﬂcﬂqié(hylffﬁéﬁwxyprfhﬁ’ox(!l’sdm@rsﬁ' SGIBﬁhfl-)ethyl-ethoxy tin

I octyl™-nethyl butoxy tin (1somers

TR L0 0, Sty

RN ) Vil
ditetrhamyoRy nda, iames) rTg'[""ﬁ'rgg?ﬁJegg»,d-octy|<:ncy tin

octyl -di et hyl -propoxy tin (i soner
oeiy-diprapytmethaxyt dity (|$wer$one¢fy}-dlprw'-ethoxy tin
octyl -di ethyl -pentyloxy tin (isoners),
ootyl-diprapyipropoke x finoxsamers),i soetgk-dipropyl-butoxy tin
octyl -di et hyl -heptyloxy tin (isonmers),
ooti-dipropyitgentylogy viimx{isamers), mtm{dsiprppyl-hexyloxy tin
di octyl - et hyl -nmet hoxy tin (isoners),

o@tW@iNbpﬁtﬁéﬂtylekﬁoﬁH tisémetsyoradtgldipropyl-octyloxy tin

difoctyl -et hyl = propoxy tin (isonmers),
AR PoE TR (Y (S Splsir Bkl ghopyl-sthoxy i

Do BAPORE N g QBB Pbropyioutory tr
d&:?@w ¥ f] L IOCt {que/{sc%rh% §' Eﬁcﬁgyisér‘opyl hexyloxy tin

octyl -di propyl - ethoxy tin (isone L
dinatyltrrapyrhgniyloxy oB@xQS‘?mﬁfs()q srgﬁgty propyl octyloxy tin
octyl -di propyl -butoxy tin (isoners
ootyl-dibutylgnethpixypetin y| sgmeis), (.@Mrdrm)ty'-ethoxv tin
octyl -di propyl -hexyloxy tin (isoners), 10
oohil-dibutylgpropgky hetit vl (omersh (bsbjlrditmlyl-butoxy tin
octyl -di propyl -octyl oxy tin (isoners),
o@tytll@tbdtylmémylbxvretuhomsdmmil seutfrdibutyl-hexyloxy  tin
diroctyl - propyl -ethoxy tin (isomers),

ghfP Eftilqtylﬁ’féjﬁglbxgr Qllﬁox(ﬂfsdmérs§ ' SQ&?[ &l)outyl-octyloxy tin

I"oct utoxy tin (Isoner

dgicg@tt%/qtylproquyﬁ:%?’g él‘sT gmfistfqul-ethoxy tin
F T 0 T V—
d?;gtg}!rbﬂlylgcgﬁtr%)lflpg? Lgl%y(ﬁtciqg?r%gg?@S&@?—butyl—hexyioxy tin

dioctyl-butyl-heptyloxy tin (isomers), dioctyl-butyl-octyloxy tin

(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers},
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),

(isomers),

trioctyl-methoxy tin (isomers), trioctyl-ethoxy tin (isomers), trioctyl-propoxy tin

(isomers), trioctyl-butoxy tin (isomers), trioctyl-pentyloxy tin

(isomers),

trioctyl-hexyloxy tin (isomers), trioctyl-heptyloxy tin (isomers), rioctyl-octyloxy
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octyl -di butyl - propoxy tin (isoners),

octyl -di butyl -butoxy tin (isoners),

octyl -di butyl -pentyloxy tin (isonmers),

octyl -di butyl - hexyl oxy tin (isomers),

octyl -di butyl -heptyloxy tin (isoners),

octyl -di butyl -octyloxy tin (isoners),

tii disoprierdutoy| theetikex ridlkyi- dcuykmyetla)such as trimethyl-acetoxy tin,
di octyl -butyl -ethoxy tin (isoners), 20
tﬁm&twimbpibmwonyonwy (lsomelrs)s onEifathyl-butyryloxy tin  (isomers),
di octyl -butyl -butoxy tin (isoners),

tﬁm%ﬂ%wlvag@%}(ypeﬂhy' $¥mierd) Uﬁﬁt’i@(ﬁ?ﬁ-lauroyloxy tin  (isomers),

di oct’yl hexylo y tin’'(isoner

bg'h@%{%F %’a\ékfd@ ﬂg%ﬁet@ (bg.lgg Bﬁyl—prop}onyloxy tin (isomers),
tri mb’ﬂ%&, tyitir}b l%ﬁlgxge{;sr)f ?othtl Huﬁ%{lﬂ g?lterr]y &Yy tih" (|somers)

tr|o toxy tin_ (isomers), tri ent yl ox

zqi@ﬁﬁij%yo loxycti |Lm<;r53>x9m ¥%ﬁe 1¥>xv th ' (Sbmers),
tr| octyl -heptyloxy tin (isoners), ri oct octyloxy 40
dibutykmetingpsopiopyloxe | fike: (iSomarsly | @by&bmethyirbtgwlpxy tin
as trinmethyl-acetoxy tin, trinmethyl-propionyloxy tin
(sopwmrs), s;ibutyt-mwhylydaleryb)(ywmﬁyomiem)( démrigreethyl-lauroyloxy tin
trimethyl-val eryloxy tin (isonmers),

(Ilsohmers )y butyhdietbylacetdiyn i Jizoeters), butyl-diethyl-propionyloxy  tin
but yl - di met hyl -acetoxy tin (isoners),

(E@h&érs}j' Hﬁﬂ"llﬂietﬁfl%tmldﬁx)tmt i(Botere)Te bﬁ’byl-d%thyl-valeryloxy tin
but yl -di methyl - butyryloxy tin (|soners

(E,B[ﬁ% F' 'ﬁitﬂlyt{hem roy{)@%y: :ti‘ri:l g Ié@ﬁgffé) ’ dibutyl-ethyl-actoxy tin
(% B‘Hﬁ{éi ﬂgy&Y Ftl@ﬁ%ﬁ;ﬁﬁg}lé%(ﬂns E@rn%%ﬁ% dé'liutyl-ethyl butyryloxy tin
dl bUtrg) WT“B@T@%M 'Pn( f)é’%%éf aﬁ:utyi-ethyi tauroyloxy tin

|butyl nmet h | auroyl oxy tin (isomers)
(iSomarsk ity lpmw!-a@thvmr( (isemars) butyl-dlpmpyl propionyloxy tin
but yl - di et hyl - propi onyl oxy tin 10 (i somsrsg
(isomars)i tplydiptapyl-butyoytpxy itin (isemess)s butyl-dipropyl-valeryloxy tin
butyl -di et hyl -val eryl oxy tin (isoners),

(isomdrsyi bidyl-diprepyldali@yloxyi tin( (isomers) , dibutyl-propyl-acetoxy tin
di butyl -ethyl -actoxy tin (isoners),

(RbRidry), - @ibOWA-pPoYpPaRibAYBXY | tih ((is%ﬁfas§s) dibutyl-propyi-butyryloxy
di but yl - et hyl - butyryloxy tin (isone

t@ Eut yFN’gt ﬂ}qu‘r?/@; Egll @%ry!clbﬁ ﬁiz Is(lg(_yf'ﬁér)s dibutyl-propyl-lauroyloxy
t@ {léqmgrls @%ﬁyl %%g&&gy g/ﬁ (Si%yﬂesfﬁgﬁ%qy -propi orjy’loxy tin (isomers),
tlﬁmtﬂb&y&@&| gﬁf Z,Rj% érsb bsu?yq?va?%r’yloxy tin  (isomers),

tributyl-lauroyloxy tin (isomers), octyl-dimethyl-acetoxy tin (isomers),
octyl-dimethyl-propionyloxy tin (isomers), octyl-dimethyl-butyryloxy tin
(isomers), octyl-dimethyl-valeryloxy tin (isomers), octyl-dimethyl-lauroyloxy tin
(isomers), dioctyl-methyl-acetoxy tin (isomers), dioctyl-methyl-propionyloxy tin

(isomers), dioctyl-methyl-butyryloxy tin (isomers), dioctyl-methyi-valeryloxy tin
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(isomers), butyl-dipropyl-lauroyloxy tin (isoners),

di butyl - propyl -acetoxy tin (isoners),

di butyl - propyl - propi onyl oxy tin (isoners),

di butyl - propyl -butyryloxy tin (isomers),

di butyl - propyl -val eryl oxy tin (isoners),

di butyl - propyl -l auroyl oxy tin (isoners),

{tsonmrs);| dicodylengthyl-autowoxer i, (isomers)y | ogtybgiethyHacetoxy tin
tin (isomers), 20 tributyl-butyryloxy tin (isoners),
{Isomuit) | cotal-dietHydpyopibnyibkyg dire(ispmers), octyl-diethyl-butyryloxy tin
tributyl-lauroyloxy tin (isoners),

(%hi@rsfj eetyldictAp Qﬁafl’é‘ﬂ(lldx*yn tihi JROAETS), octyl-dlethyl lauroyloxy tin

octyl - di met hyl - proplony oxy tin (i somers),

(%%t y%rs i —e‘tﬁ\gltégey )yyhr{ (ligSoﬁgﬁfggct?lyl-ethyl-proplonyloxy tin
(%%h@rxs,fl %@Teté@g{@%ﬁ%@nﬁh 45&@’?‘33?.? %]dctyl-ethyl—val_eryloxy tin
(d:ogfﬁt g) cﬁ\zbr tgwglgl O%g?yxytprh ?%'Bﬁgr)s)o Iilibropyl—acetoxy tin

di octyl th val eryloxy tin 41 (isoners),

(BOREID), SHBHRRTOP A TOIIOR i (5@ coatyi-dipropykbutyryloxy tin
octyl -diethyl -acetoxy tin (isoners),

(somgrsYi estylydipmanybivaleyyloxy tin ﬂsqm‘@m)ercg;)yl dipropyi-lauroyloxy tin
octyl -diethyl -butyryloxy tin (isoners),

(momdrs)i dibbiyl-propybageioxy tin fisoiresgk rdipetyl-propyl-propionyloxy tin
octyl-diethyl-lauroyloxy tin (isoners),

(RBofatdry], - @ibbiyl- pﬁﬁﬁﬂ-ﬂmyr*lbﬂy (tlrﬁ%@fr@rs) dioc Ipropyl-valeryloxy tin
di octyl -et hyl - propionyl oxy tin 5 (isomers

(%bﬁférﬂ cﬁ‘tS Ik pr*égwl%)ll"@)fdxﬁ iR (fs?mst?i?ctyl-acetoxy tin (isomers),

I octy ery Xy tin

tﬁlbcﬁglt ﬁ(njgip g}%/)i)) a?!erf @é(c%(m%@(l St(?)‘frar)e%ﬁfsl@.ltyryloxy tin  (isomers),
t@%ctftglrvaﬂﬁe&icagy qln ﬁﬁ? F\ﬁ yi{?pxc%fylhélr}r &Loé&{ge ’Ef ?\éludlng isomers) or the

octyl prop valeryloxy tin (isone
like; ﬂndd|taau5pgﬁ//|hall%rt@| a8 r;nn‘(qtgyjﬁglpgg tin, trimethylbromo tin,
di octyl - propyl -acetoxy tin ﬁlsoners
byitd stipetyielpgio. tin, dpityrdimetiyylehlaror tin (nsgmm)s)jlbutyl methylchloro
di octyl - propyl -butyryloxy tin (isoners),
tidi oisorhers) o pgibutydineathiylbrxomoi rtin ( {isomers) , butyl-diethylchloro tin
di octyl - propyl -l auroyl oxy tin (isoners),

(isbhiers) | biagedietylromd itimo(IBomkrs), dibwgksthylhitrb oty | (fwoymers),
tin (isoners), trioctyl- butyryloxy tin (isoners),

dil:fdt?lcét}‘lk( ﬂh%rwtfﬁxy (‘édﬂnér’si‘OWLﬂ?l*dlﬁfdpg%}ﬂm' a%ow(@é‘x‘ners)

tin” (incl ng i somers) or the trial ky

N'-ﬁ@gbkﬂ{m'&. R i e

dlbur{yl(propy |)nb fin P Pﬁerer?ttrEB/utylch%ro tin (isomers), tributylbromo tin
(isomers), octyl-dimethylchloro tin (isomers), octyl-dimethylbromo tin (isomers),
dioctyl-methylchloro  tin (isomers), dioctyl-methylbromo tin (isomers),
octyl-diethylchloro  tin  (isomers), octyl-diethyloromo tin  (isomers),
dioctyl-ethylchloro  tin  (isomers), dioctyl-ethyloromo tin  (isomers),

octyl-dipropylchloro  tin  (isomers), octyl-dipropylbromo tin  (isomers),

42



10

15

20

25

tin (isonmers), dibutyl-nmethylbronmo tin (isoners),

butyl -diethylchloro tin (isonmers), butyl-diethyl brono
tin (isoners), dibutyl-ethylchloro tin (isoners),

di butyl -ethyl brono tin (isoners), butyl-dipropylchloro
tin (isonmers), butyl-dipropylbronmo tin (isoners),

di butyl -propylchloro tin (isoners), 20
ditichypybpyictlpso briimo {isoméiss,ometisytyl-propylbrgmoh| dino fisamers),
(isomers), tributyibrono tin (isoners),

trisctylEhlBdTEh iEbaiere) ariddtylbfonse tiR(Bbmers) or the like.

octyl -di nethyl brono tin (isoners),

di ogdy! | ¢! ft&k{l SHE'®mpound  represented by the
di og'?wa"wd% gé]o?iﬁo@t |tr% (?somars) poctyl et hyI chI or){)

oA AET e 6| AR b S g (o
e%'er{rllxpfe %%&g{;ﬁ%n oa!ﬂ Pe gﬁﬁéi\ﬁﬁ t?ﬁlglet échc,(thlseoQ%r iﬁ?:l’uded in

tin GepcvalRe 'Ch'ﬁs% fla 'S?r%"@y%f Sychctin camPgRENts; having

(|sorrers% trloctylbrom)tln (i somers) or thellk B
theibigh beiling point and uniklentifiable sbivsbiadccancbe @@@fﬁ%"# y the

the above-nentioned forrrul a (23), tin conponents
chewiicey shifti dheteof | imd'6n-NMR f spectaurx amplamelps@t igast one
hi gher at 50 Pa) and unidentifiable structure are

deacliviied form ohtheddialkyl tintoatalfstrismnodrganie titi ebfplound having a
catal yst. Such tin conponents having the high boiling

uﬁ%ltaﬂh tﬁaﬂdémoﬁsﬁhtefsl #Bhémfddl BRkUAISrerAN2De to -610 ppm based on
characterized by the chenical shift thereof in

%or m o ﬂ\yl\/ﬁns\p | al'#%}yzua% ylgsﬁtNWﬂ aCR&avy I ERIBFAfBAHh &Sblution.

tincatalyst 1s an ordanic tin

'i%ﬁﬁ%*ﬁforﬁﬁv' B g BT et g v o
e he Rt *S8EB S s .10t B Bdanic un
forns of t he di al kyl t| n catal yst are trialk

centRawnAgdn phich tyeaplkyl grqupscasihaunglo JB%&‘"%P'& 3nd said alkyl

refer to organic tin conpounds in which three al kyl
gueupspareaalisylgronps tosiginatingi fromttbenchallylstin gatalysy) andsorganic tin
groups are al kyl groups originating fromthe dialkyl
chimpounits! gestainmgda dingaking thatindemonstrates a chemical shift at from
—220 to -610 ppm based on tetramethyl tin when analyzed by **Sn-NMR in a
heavy chloroform solution.
The diatkyl tin catalyst represented by formula (7} and / or formula (8) has
a tin atom that demonstrates a chemical shift at from 200 to -200 ppm based
on tetramethyl tin when analyzed by "®Sn-NMR in a heavy chloroform solution,
and as a result of the dialkyl tin catalyst being deactivated by denaturation, a
tin component is detected that has the tin atom demonstrating a chemical shift

within the above-mentioned range. Since the composition of deactivated

forms has a plurality of signals within said range of from -220 to -610 ppm in
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conmpounds containing a tin atomthat denonstrates a

chem cal shift at from -220 to -610 ppm based on
tetramethyl tin when analyzed by 119Sn-NMR in a heavy

chl orof orm sol ution. The dial kyl tin catalyst

represented by fornmula (7) and / or formula (8) has

20 a tin atomthat denonstrates a chem cal shift at

rieaniy 20tases, hEDEN!p tine becedikylalkoxat timpxideydnd monehliyl-triatkoxy
anal yzed by 119Sn-NMR i n a heavy chl orof orm sol uti on,
tinnépresented byl formilal (29) dinal kol forinblac@29) yatt albeioiger structures
deactivated by denaturation, a tin conponent is

éﬂétpﬁééﬁfﬁeﬂﬁét bd@dntdifed Mt e8mpesRiBR! sfdéddivated forms in the
chemical shift wthin the above-nentioned range.

n%lj 61h€a ”p‘?-ﬁM E cﬂ%ﬁusal Sogitio B dBa %d forms is

| ty Si gna range o rom

ﬁﬁ#"oaﬁ%%”% oot ha¥ing éréi@feﬁ%mﬁ%i&?»ﬂbﬁuiﬁ&*ys papner, it
1 d / f
WS REe e hAb e Sde bt Feninedss o BE b Eﬁ#&fﬁ@@qdaments
the conposi tion of deactivated forns in the
nge Peswisiction af tthéuglﬁﬁ‘"%e“%o@ﬂmﬁpﬂn%n t'@‘PferY Ieadlng to
deactlvat ed forms is 5 conposed of conpounds having an
competiomofithecspresentcinventiom this manner, it was

surprisingly found that the use of the process of the

pr esendesotinetl above, thenddétaded tstraichures wf tthe rdedctiviated forms of
di al kyl tin conpound, thereby leading to conpletion

teé didieyl RineERAls1 EORAINIMY thefin SR chartiamadby thémical shift in

detai l'ed structures of the deactivated forns of 10

1RG_dMR S¥é uhi Léa? at hwpk &HEF ﬁ'aﬁﬂ ”anff*gq%élkﬂll fih @8mpounds are

characteri zed chem cal are

S8 Ml 5 4 5, i, e o
BHAPER. Yol BamE. B8 b gpn@g%%aﬁmagasm .

formJIa ng) and / or fornmula (22) in consideratio
fqmla o A Al ntoEmules (28} &1 gonsigratiany P @yl Grotp Batance.

onpounds are organic tin conpounds in which one alkyl
Here:n monoalkyl tin compounds are organic tin compounds in which one alkyl

group originating from the dialkyl tin catalyst is bound to a single tin atom.
Examples of monoalkyl tin compounds include monoalkylalkoxy tin oxides
such as methyl-methoxy tin oxide, methyl-ethoxy tin oxide, methyl-propoxy tin
oxide (isomers), methyl-butoxy tin oxide (isomers), methyl-pentyloxy tin oxide
(isomers), methyl-hexyloxy tin oxide (isomers), methyl-heptyloxy tin oxide
(isomers), methyl-octyloxy tin oxide (isomers), butyl-methoxy tin oxide
(isomers), butyl-ethoxy tin oxide (isomers), butyl-propoxy tin oxide (isomers),
butyl-butoxy tin oxide (isomers), butyl-pentyloxy tin oxide (isomers),
butyl-hexyloxy tin oxide (isomers), butyl-heptyloxy tin oxide (isomers),

butyl-octyloxy tin oxide (isomers), octyl-methoxy tin oxide (isomers),
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group originating fromthe dialkyl tin catalyst is
bound to a single tin atom Exanples of nonoal kyl tin
compounds i ncl ude nonoal kyl al koxy tin oxides such as
met hyl - net hoxy tin oxide, nethyl-ethoxy tin oxide,
met hyl - propoxy tin oxide (isonmers), nethyl-butoxy tin
oxi de (isoners), nethyl-pentyloxy tin oxide 20
qatyemthoxy tin oxidey (isdrasd) pastyl-propoxy die ¢xide fisomiers), octyl-butoxy
nmet hyl - heptyl oxy tin oxide (isoners), methyl-octyl oxy
tin oxide i(idermgrsyy ety penbidx) timekiiex(isdrners)xoctgl-hexyloxy tin oxide
(i soners), butyl-ethoxy tin oxide (isoners),
(Riomers R oA heptylBxPlih xide &), octyMbAYIORY tiOxide fisomers)
oxi de (isoners), butyl-pentyloxy tin oxide {isonmers),

ut gnls- hepvl o | | S r b | A ;
Ut the NiRe! Oxbnbh fi‘%&gﬁt yﬁﬁe Such PYLY! mggﬁ{l-glgrﬂéﬁmoxy tin,

tin oxide '(isonersy, -octyloxy tin

ATl b ABHIEHYrbP 4G RR, Shsiphpiony un
B ARtk @b SR, By tsomers

tin oxjde (isoners), . octyl-heptyloxy. tin oxide )
"e*?@bshwgp,tvlw yl iBct ((ISOmMEre).n Snptwl-riostirlaxy) tisr tlromers),
l'i ke, nonoal kyl -trial koxy tin such as

ovdxHisimethoxyetim dispmers), mitykriathioxy rtire(isemers)i butyl-tripropoxy tin
nmet hyl -tri propoxy tin (isomers), nethyl-tributoxy tin

(isos@rs), s butyldtibytoxyr itipentigdroess)t | bulyl-tripemtyioxy tin  (isomers),
methyl -tri hexyloxy tin (isonmers), nethyl-triheptyl oxy

butyl-tliheam®aslin (Fohiers), thutpciiiieptyioxy iin (ls6AIERE)S butyl-trioctyloxy

butyl -trinethoxy tin (isoners), butyl-triethoxy tin

i [t i p Y (i ] is ) . :
BT b Loy T PRRRECREY (ROer), PORTL Ao Mo, (gmer)

-%rEE . -tri XY td N, r tri .
o%b?yf—t?%ﬁ%éﬂ%loxy'??ﬁB séh@?%y}hﬂgéyﬁgESIgc §Fg§¥HWOnyn
£ \Ssone Qctyl -trinet hoxy, tin, (i soner .
(SbsT - PEVRIFSETARY  Borntors).o Gy B i omers),
gbi nersL, opt&l-tri ut oxy tinféisoners), . .
ogtyogtyIbke by dsmets) or thedikes raanoaliyacyioxy i Kigieysuch as
tin (isomers), octyl-triheﬁ;yloxy tin (isomers), _
mathylracetonet Winoxyoxide, (imeimdrprppismylaxy | itike; oxide (isomers),
nmonoal kyl -acyl oxy tin oxide such as 15 nethyl - acet oxy
methyldxityry)oxyettimy | oxide plisomérs)y méethybxaléeyl ( tis ooride) (isomers),
methyl-lauroyloxy tin  oxide (isomers), butyl-acetoxy tin  oxide,
butyl-propionyloxy tin oxide (isomers), butyl-butyryloxy tin oxide (isomers),
butyl-valeryloxy tin oxide (isomers), butyl-lauroyloxy tin oxide (isomers),
octyl-acetoxy tin oxide (isomers), octyl-propionyloxy tin oxide (isomers),
octyl-butyryloxy tin oxide (isomers), octyl-valeryloxy tin oxide (isomers),
octyl-lauroyloxy tin oxide (isomers}) or the like; monoalkyl-triacyloxy tin such as
methyl-triacetoxy tin, methyl-tripropionyloxy tin (isomers), methyl-tributyryloxy
tin (isomers), methyl-trivaleryloxy tin (isomers), methyl-trilauroyloxy tin

(isomers), butyl-triacetoxy tin (isomers), butyl-tripropionyloxy tin (isomers),
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met hyl - butyryl oxy tin oxide (isoners), nethyl-valeryl

tin oxide (isoners), nethyl-lauroyloxy tin oxide

(i somers), butyl-acetoxy tin oxide,

but yl - propi onyl oxy tin oxide (isoners),

butyl -butyryloxy tin oxide (isoners),

butyl -val eryl oxy tin oxide (isoners), butyl-Iauroyl oxy
btiybtribtgrglaxys ontim s) ,(isdbners),y | - butylt-tivalaryioxpxi din ~ (isomers),
(isomers), octyl-propionyloxy tin oxide (isoners),
bagA-iadilyioxy! oxYint i n (iesiées) i sooetybiriacetixyl - vdiher yisemners),
ti'n oxide (isoners), octyl-lauroyloxy tin oxide

¥ i he tini keisdmé@! KydctyittriBatynAsyy ti tinsugiBomers),
o@@?ﬂﬁﬁ?@%r??r acéwoxjﬁﬁirn %etﬁ??gtriﬁwggi%%yloxy gin )

- hvl -t ribu . L ki e
obiyF It Yreshbley; betitbiifoylokf ' (82RRErS) or the fike; and,

()4

net hyl s tri.l,ayr oyl tin 2 ' FS), 4 . ;
ol Heligd sk Ry {1 AR mbRSTRIgR: in oxids, mstpibromo ti
tin (isoners), . 45 putyl-tributyryloxy, tin (i rs), ...
oKidey | b‘ﬂtyﬁg?réryno?ﬁ'dﬁ’ ni"eﬁy@%ﬂ’é\os)'}/‘ oxide, OCMC%?OW% th oxide,
butyl -trilauroyloxy tin (isomers), octyl-triacetoxy
octylbromenliepxige ordbeJikes r i pr opi onyl oxy tin (isomers),
octyl-tributyryloxy tin (isoners), ] )

oct Vhet structuresydiothe déactivateshiareis, ofdbeydialky| tingatalysgan be
tin (isoners) or the like; and, 5 nonoal kyl halide tin
eagilydpresuméd a8 addptysteddtares otherohadethemexdmplesolistedi above.
oxi de, butyichloro tin oxide, butylbrono tin oxide,

MRSV @b durlisO e alsoP by fdHrid withnaodhitlan owhichetwo alkyl
|'Tke. The structures of the deactivated fornms of the

o e Db SREH B S8 £ it o ep b coratptcrours

ures o 1

oSBT OGTIY R BT i o B rour
o e B BRGng! D Mo PP AT BoBcted

units) as a result of formng a stannoxane backbone. .
fomes 8ndl der sieastivateg fRETRGaNtARS (dRACHYRSAJPME CRRPINE! units
deactivated forns containing deactivated form

ave showa helow togetheswith dhe Bbaveertioned feamplesi t h t he
above- nenti oned exanpl es:

R;—Sn—-X R3_SH‘O_SH—R3
) |
—(Sln—oa— x——sln—x
X X
PN Y o
R—Sn~ \Sln-—R R—Sn~  Sn-R;
X X X
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R3-Sn-X R3-Sn-O-Sn-R3 Sn-0O X-Sn-X ~I 1 20 X X X X X
R-Sri Sn-RRSriON' Sn-R3 1 I I XXX 2546 RXR
R-Sri LO~ Sn -RR-Sri ~Sn-R3 1 I I X X X (wherein, R
and X are groups originating fromthe dialkyl tin
catalyst, Ris 5 selected fromRl, R2, R3, R4, R5 and
R6, and X is sg| ectedrom X1, X2, X3 am Xa). The
conmposi tion offdeacti ¥ated fornms of thetMialkyl tin
catal yst as raf ed |to in the present |e {ents
refers to R<8mosi t iSn~<Rt ai ni ng Rre-SAf or em&ni—dRgd
deactivated forins. Nanely, this may a mjxture of the
di al kyl 10 tinycataly and deactivatedyorns of said
di al kyl tin catalyst, “0r a conposition conprising

(@Qé%iﬁ,hR dRra%k arat g f@iaéetghc@%rﬁ itga%diéﬁyﬂﬁﬁ t8fst, R is

up$
conponent I n"whf ch ivate ornt (nanely an

B fioh R VRV TR FRABLRCor R X SRl g oM & 1" 87 and
single tin atomdiffers fromthat of the dialkyl tin
)@bt al yst) and a 15 conponent in which the nunber of

alkyll groups bound to a single tin atomis .
he composition of deactivated forms of the dialkyl tin catalyst as

referred to in the present embodiments refers to a composition containing the
aforementioned deactivated forms. Namely, this may a mixture of the dialkyl
fin catalyst and deactivated forms of said dialkyl tin catalyst, or a composition
comprising only the deactivated forms. In addition, it may also be a
component in which a deactivated form (namely an organic tin compound
originating from the dialkyl tin catalyst in which the number of alkyl groups
bound to a single tin atom differs from that of the dialkyl tin catalyst) and a
component in which the number of alky! groups bound to a single tin atom is
two are covalently bonded as previously described. A composition of
deactivated forms able to be preferably used in the present embodiments
refers to a composition of deactivated forms having a content as mol% of
deactivated forms in which the number of alkyl groups bound td the tin atom of
an alkyl tin compound is a number other than two of 10 mol% or more,
preferably 30 mol% or more and more preferably 50 mol% or more based on
the total number of moles of tin atoms of alkyl tin compounds contained in a
composition of deactivated forms of the dialkyl tin catalyst, and said
deactivated forms are accumulated and / or concentrated.

Although the dialkyl tin catalyst, tetraalkyl tin, tin oxide (SnO;) and the
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two are coval ently bonded as previously described. A
conposition of deactivated forns able to be

preferably used in the present enbodinents refers to

a conposition of deactivated forns having a content as
nol % of deactivated fornms in which the nunber of

al kyl groups bound to the tin atomof 20 an alkyl tin

like mayubel costainerlitbive eamposititmof deactifated fomsobthe dialkyl tin
nore, preferably 30 nol % or nore and nore preferably
calalysh| dépending @nbtteedase, these tomploundstraay dfe roointsined to a
tin atons of alkyl tin conpounds contained in a

degraeothiat Hess Abt viBRAE e befHIrPsMBePresdit ifvantian, tin
catal yst, and said deactivated forns are accumnul at ed

and 4 a@ﬂit%?%ﬂnélf(gl;%‘aistﬁéutﬁiﬁ M?gtﬁng%fldgﬁg(y!*@n |;1e_?ction

catal yst, tetraa [ tin, tin oxi
ike . t aj i . Ltion .of o .
1Q,bECHRBPE] 1R BT AR o AR BB BigiaC8, Sirypgsition containing
depending on the case,, these conpounds. may be .
thesHHEkVI i qaineoungs, A 3 GaMARYES GRAIDINg Spribpyads containing
urport of the present invention. In_addition, an
i Blara hat darmBRsTEEs a.chrRALaTII AT BTLRAROPI BT P based
reaction 5 to be described.|ater can also be carried
op detramiethyl tin ydgsoanalyzed bynt anribiR incabeayy ghiegoform solution,
compounds, and a conpound cont ai ni ng conpounds
iscaapanated from teheompositiom of deactivided formsatdfess dialloth inicatdlyst.
shift at from-220 to -610 ppm based on tetranethyl

ti nAphieastromey nesthby  ddleGiedNidon ndistillztiony separatioh Orextraction
solution, is separated froma conposition of

séeaatib AndtmbRbIEnE Sepaiitidhkidn beé 'i!ls_éléta%| ¥ Plethdd fé¥ separating

| east one nethod selected fromdistillation

the® E@ﬁg){d:sﬁﬁn %ﬁ%@'ﬁrﬁg gﬁe triabd a}{n'h ggr@éﬁnﬂg e composition

separation can as a‘ne r separating
| L] aini.ng. the trialkyl tin co and .
ofiaRsolhRBRs Ui e’ fin it GRS el Bfemical
sh3e 6 42 43 BRASHAR e Biapretoibiion raeea by
wgnalyzed by 15 119Sn-NMR in a heavy chl oroform i
sen-iNMBrinta baanhehlemfpanisoluiendromdhetgarapesition of deactivated

forms of the dialkyl tin catalyst, and distiltation separation is used particularly

preferably.

<Composition of Deactivated Forms of Dialkyl Tin Catalyst>

A composition of deactivated forms of the dialkyl tin catalyst obtained
during the process for producing carbonic acid ester using the dialky! tin
catalyst, and particularly a composition containing deactivated forms of the
dialkyl tin alkoxide catalyst obtained in during the process for producing
carbonic acid ester by the reaction between the dialkyl tin alkoxide catalyst and

carbon dioxide, can be used for the composition of deactivated forms of a

48




10

15

20

25

fornms of the dialkyl tin catalyst, and distillation
separation is used particularly preferably.

<Conposition of Deactivated Forns of Dialkyl Tin

Catal yst> 20 A conposition of deactivated forns of the

di al kyl tin catalyst obtained during the process for
produci ng carbonic acid ester using the dialkyl tin

diakyl tintgatalyst psed iin dhamrgsenicempodiménts. ¢ blereinnthe dialkyl tin
deactivated fornms of the dialkyl tin alkoxide

alkdxitly sataipdtaefsd tothd previguslp elgsenbes didikyl-diaiRaxe tingand / or
carbonic acid ester by the reaction between the

tetrabikyl diain(bx?l diSeanABx &M, A pret8fhbip aCGIMBuril RXUSKY selected

can be used for the conposition of ‘deactivated forns
B o™ e o e SrIGRe i g it of e
AT ol oRhg, BroTgY BY P4 Sty B troy () and he
ElpaBICARPpeRate MeamPoiRe ronESeRorhyodhe - SopUTRaNtioned
fromthe group consistjng of the 5 dialkyl tin

fepREBLS) wharersXnaed )ByOf? Toemaileh (A-anch @rﬁlédx"r of fafmula (8) are

(7) and the tetraal kyl distannoxane conpound

aleprye graupsl by hehdoliaying - indindtescan éxamplea of sthe process for
wherein X1 and X2 of fornmula (7) and X3 and X4 of

pgroducihg cai)onic acidaddtexin thisompaneThe f ol | owi ng

i ndi cates an exanple of the process for producing

car bpirstcthecdiaikgbiie didIKoxide Satyil e coAdcldd with cafson dioxide at
di al kyl tin dial koxide catalyst is contacted with

£ 3tdiSHlofictrid 98ticlof £tSi50 BAL ' ky? t i
based on the diI al kyl t{?i n g?g OXI Hefe ?gétlwytg{ diav'&@ﬂ‘?% cgtalyst
u
55 AR0Rre I ARG gHEGSRH1S 208,84 A carvon
g i,al koxi de catal yst . t,,.the.carb di gxi de
bl Bl fet oF fod Fhalin idiGnds s« Moty the carbon
415_ Ubé;(ﬁted to 15 thernmal deconposition within a .
%‘H@%r fien fagechthe rdialkyb tino disdknxide ratalyst is Subiected to
of from10 mnutes to 500 hours to obtain a m xture
theyimali degngnposition within a temperature range of from 20 to 300°C and
time range of from 10 minutes to 500 hours to obtain a mixture containing
carbonic acid ester, dialkyl tin alkoxide catalyst and deactivated forms of the
dialkyl tin alkoxide catalyst. In the present embodiments, this mixture of
carbonic acid ester, dialkyl tin aikoxide catalyst and deactivated forms of the
dialkyl tin alkoxide catalyst may be used as a composition of deactivated forms
of the dialkyl tin catalyst. In addition, a mixture containing carbonic acid ester,
dialkyl tin alkoxide catalyst and deactivated forms of the dialkyl tin alkoxide
catalyst, obtained by removing all or a portion of the carbonic acid ester from

said mixture by a method such as filtration, solvent extraction, distillation or

membrane separation, can also be used as the composition of deactivated
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carbonic acid ester, dialkyl tin al koxide catal yst and

deactivated forns of the dialkyl tin al koxide

catalyst. In the present enbodi nents, this m xture of

carbonic acid ester, dialkyl tin al koxide catalyst and

deactivated fornms of the 20 dial kyl tin al koxide

catal yst may be used as a conposition of deactivated
fdrovsnaf thefdidlky tithi cdtalykt.tin catalyst. In addition, a

m xture containing carbonic acid ester, dialkyl tin

al kesdreevértipky porind réthaming Forsingr fﬁ?co%rgt Re thealdiikyl tin

tin al koxide catalyst, obtained by renpoving all or a

di%ﬂ{dx'id%!‘ cafalystofrém’ (RN hfixtard ‘éoﬁfatuﬁh?fdiﬁlkyl A1 dlalKoXide' Batalyst
yamstho such asflltratlon vent “extracti on,

| .
el 5 [SHiil caobh %ﬁﬁ%@?ﬁ@%é’%"@wﬁf BBactvated
the d ky cat . v h portio
f%maph‘"*‘ha JighvDiif ZV@MW 81 Fyind, e Rpbef, for producing
di al koxi de cat st from:t he ture cont ai ni
CRIBANG Aot RSGH SRR YA 1 GHKRORRE [sahestcanch parbon
car bon| c acid ester with the corrp03| tion of
digigler as prendossly slisalosgd bydhaiinyanjers: pintheaprgsest invention (see
obt ai ned during the process for producing carbonic
Irdeinatiopale Publicatioac tNongW O e200AHDKY388)i nanl &isei be used for the

catal yst and carbon dioxide as previously disclosed
ctmpbsition nyfe deatctivaiéd tfoempr e ¢ind  dialkgintin ocatalyst in the present

International Publication No. WO 2007/097388) can al so
eRbodiféntsor the conposition of deactivated forns of

the dialkyl tin catalyst in the present 10

enbodi ments. <Al kyl Goup Redistribution Reaction> The

foll owi ng provides an expl anation of the al kyl group

ZEd'f%M%ébr?E&ea{iﬁéﬁﬁé%ﬂﬁkﬁs@ on reaction in the

For 318, UBW Bravides A SKYERREOR B Benllnaloth, fedistribution

whi ch the nunber of al kyl groups bound to a single tin
reacyaniin thepresenhembodipents.

The alkyl group redistribution reaction in the present embodiments is a
reaction in which two or more types of different organic tin compounds, in
which the number of alkyl groups bound to a single tin atom is two or more, are
reacted to average the number of alkyl groups bound {o a single tin atom, and
said alkyl redistribution reaction is an equilibrium reaction. Although the
details of the reaction mechanism are unclear, it is presumed as a result of an
organic tin compound having three alkyl groups bound to a single tin atom
reacting with an organic tin compound in which one alkyl group is bound to a

single tin atom, organic tin compounds are formed in which the number of alkyl

groups bound to a single tin atom is two as in the following formula (24):
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reacted to average the nunber of al kyl groups bound to
a single tin atom and said alkyl redistribution
reaction is an equilibriumreaction. Al though the 20
details of the reaction nmechanismare unclear, it is
presuned as a result of an organic tin conpound
having three al kyl groups bound to a single tin atom
reacting with an organic tin conpound in which one

al kyIRgro is bourd to & single tin R{om,Yorganic
tin c;‘g ds are forsmd i r—whtett e nusher of al kyl24)
groups to a sifigldytin atomlstwo’as\({nthe

fol | i ng formula (24): 25 50 RSnz Y + RSn'l YIN 2
RSn~ Y (24) R \RYX\Y R Y (wherein R represents a

({ghgfegpm @?%%e@ﬁﬁeg liRk4Y br afmea% {Icrbub habird ‘?‘rtBOfP carbon

represents a group o han an

%f@%@%'a% Vlebrdhelts U ge cbr o e Al bra s 'ﬁﬂt ure.
d fhg‘?@ RV, breq: Pehinfio FeaekGh BiRans Ak & ot B heat
ound to,a single tin atom is twp or nore.

tipatinent aba meixture of bve 08 METE\LYRRS Pl Btganis CfartnpaunJS in which the

tenmperature range of from 20 to 300C, and in the case
differaaee of the nu pé alkybgraupsrwhichiase heunddptasingte tin atom
hi gher concentration of the dialkyl form it is

imtapt agpreus to raise the reaction tenperature to

nore preferably from50 to 280C to shift the

equiTHi® Heatieatineat is phiferably feapid aubagla tepaperature range of
treatment tenperature is 15 preferable to increase the

ffoPR0 B 3085€; an nlﬁﬁterl‘érléﬁé g)?kﬂe%lrfr@afd 'a@EﬁleFétE*‘théSreactlon or

COﬁpOSItIOﬂ and t I so oc

o‘b?éﬂﬁ%r hHéFEoﬁéb?{tr%f%ncd?r‘{ﬁ% dralkyl 1Off I if %S%:h}g&tté{%{d%’ to'r3fse the

actio nmor e y carri
reaction temperature to more preferably from 50 to 280°C to shift the

equilibrium to the right. Although a high heat treatment temperature is
preferable to increase the reaction rate, since undesirable reactions such as
decomposition and the like also occur at high temperatures thereby causing a
decrease in yield, the reaction is even more preferably carried out at a
temperature range of from 80 to 260°C. The reaction time may become
excessively long if the temperature is lower than 20°C, while the yield of dialkyl
tin compound may decrease due to denaturation of the organic tin compounds
caused by decomposition and the like at a temperature higher than 300°C.
Although varying according to the compounds used and heat treatment time,
the reaction time is from 0.001 to 50 hours and preferably from 0.01 to 10
hours, and in consideration of industrial productivity, the reaction time is set to

from 0.1 to 2 hours. The reaction may be terminated when the desired dialkyl
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tenperature range of from80 to 260C. The reaction

time may beconme excessively long if the tenperature

is lower than 20C, while the yield of dialkyl 20 tin
conmpound may decrease due to denaturation of the

organic tin conpounds caused by deconposition and the
|'ike at a tenperature higher than 300C. Al though
tiracompgunad ds obitained ast detecwineduby S “GreiMdndethe like.  As will
treatnment tinme, the reaction tinme is from0.001 to 50

beo describet! (atef eirddel thef alkph Grobip tediistibution reactiondofi the present
consi deration of industrial productivity, the reaction

drhbBdiferit®lis presiméd eHE An teuilibiem $ea&|tﬁ1 rsﬁ%ﬁ&épfb obtain a
may be term nated vvhen t he desired di al kyl

G befod R8N0 ESmABLAY ThNGHiCHY Nk Hin) al(ﬁfnﬁtkplhﬁroups

ater si nce t

SHRE6SK, PO LB . AR B o <
Bt it Bl Rt F05rSR S  an

to a single tin atomis two, the reaction is carried
reactapts hy measuging dba@aslibsivm sageeritationsiafithe gempounds used
concentration of products is higher than the

viegsus tempensiurecac o ithat thacoagentration ofrdiadod &intaompaund of the
of the conmpounds used versus tenperature, or so that
products inereases by coolveringl subistituents asingua inethot te be described
products increases by converting substituents using a

larer.hoth ddiiondan chebedsel @f| Ifdatr tredtihgi@di 4 iMigh tefpdigture (for
case of heat treating at a high tenperature (for

e%é?riﬁ?éeﬁé@%r%gﬂélﬂhﬂﬁére 5r|éeg§séé th Wiy tﬂrlé‘ a})l\é]ﬂcé‘f 4yl tin

di al kyl conpound decreases i

c?ﬁfpgoiﬁsv e&ERYaL tfoéntéﬁﬁ?éﬁe raﬁﬂ& S8k {;l‘ﬁr ﬁor%lqpﬂgd for cooling.

ecause the reaction Sy S em a te

T At a8 R el Bl PEU SR tltﬁﬂggﬁrgﬁah e sayigorium

ke LR Sren pi =
referably useg for tﬁﬁggnelﬂ?d fo%l [ Lg thgaﬁ‘a

ﬂn%rs rrso@refacﬁhla tannepdl orapighinfeliowiag nbeab dreatment at a high

tgriaLJgSatS:e.aA known method can be preferably used for the method for

cooling the reaction liquid, and for example, a method by use of brine or a

method comprising flushing into a low-pressure reaction vessel from the heat

treatment tank can be used preferably.

This alkyl group redistribution reaction can also be carried out in the
presence or absence of a metal halide catalyst. Examples of metal halide
catalysts include tin (lI) chloride, mercury (ll) chloride, lead (I} chloride,
mercury (Il) fluoride, lead (ll) fluoride, tin () fluoride, tin (ll) iodide, lead (II)
iodide, mercury (ll) iodide, tin (Il) bromide, mercury (Il) bromide, lead ()

bromide or the like, and these metal halides can be used alone or two or more
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met hod conprising flushing into a | ow pressure

reaction vessel fromthe heat treatnent tank can be

used preferably. 20 This al kyl group redistribution
reaction can also be carried out in the presence or
absence of a netal halide catal yst. Exanples of netal
halide catalysts include tin (11) chloride, nercury

types) canberused, as aanix{ure) These imeial halisesiean be weferably used
fluoride, lead (Il) fluoride, tin (I1) fluoride, tin

within theodardys of frach Q1 fo 10%dby eveigletr lsased Oh Ithe isod.it'xdm, used for
tin (Il) bromde, nercury (11) bromde, lead (11) 25
heaptreden@it. t he i ke, and these netal halides can be

used alone or two or nore 52 types can be used as a

i XtAIfr%ulgﬁh?ﬁ@ R Mdﬁéﬁ RThoRSreRfufrear fdY! ¥aidSatkyl group

within the range of fromO0.1 to 10% by wei ght based on

ré&\@trﬁ?llh%'r%?cﬁ&ﬁd f&flv r“e@én e 9&?&;?& th tﬂlﬁé@%&e td?elm&rovmg

ent’ 1s no require r-sai
7 e DR aFoPBI S q???‘iﬂl’faﬁt%%"’e"ts
. f
iGTiie inoa BRTRRCL0r CYaIe g o BRHS MAVING: SdPrip SatRgngoms,
carbon at ons et hers conp osed of linear, branched or

ethyarsi eompesast of lipaar, Haanﬁlgedl of Fyslic hydregatbans having4 to 16

| i near, branched or cyclic hal ogenat ed hydrocarbons .
chedmatonts and dinesr, baamaedaoneyclic Spiegdnated hydpdcasbons having
i nclude linear and cyclic hydrocarbons selected from

1peot dde darbomeatoms.hex@pecific sexamples hregludeelinear and cyclic
(i somers), octane (isoners), nonane (isoners), decane

hiHFEREPBSNs sBRESE SR8 éﬂtéﬁ@ﬁ(iﬁner%)(ché?@{@r(%omers) heptane

cycloheptane cyclooctane behzene, tol uene, xyl ene

(fg rom |et Prﬁt@% st |propy %éc‘s? ﬁde?c%(ﬂé A gfcroenrﬁgs?cﬁ%decane
Y, BoBBebha TPl S A ST pong, wns

RBer AR & e eqarbons el pel ot ot ST L B ropy
e%hhelro(zs%brﬁgrsgmdlbutyl ether (isomers), dihexyl ether (isomers), dioctyl ether
(isomers), diphenyl ether or the like; and, halogenated hydrocarbons selected
from methylene chloride, chloroform, carbon tetrachloride, chlorobenzene,
tetrachloroethane, dichlorobenzene (isomers) or the like. These solvents can
be used alone or two or more types can be used as a mixture. Solvents can
be used for the purpose of improving fluidity, facilitating the reaction procedure,
or efficiently removing water outside the system in the case said water is
generated in the reaction. Examples of such solvents include linear, branched
or cyclic hydrocarbons having 5 to 16 carbons, ethers composed of linear,

branched or cyclic hydrocarbons having 4 to 16 carbon atoms and linear,

branched or cyclic halogenated hydrocarbons having 1 to 16 carbon atoms.
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tetrachi oroet hane, dichl orobenzene (isoners) or the

i ke. These solvents can be used alone or two or nore
types can be used as a m xture. Solvents can 20 be

used for the purpose of inproving fluidity,

facilitating the reaction procedure, or efficiently
renmovi ng water outside the systemin the case said

Spetific exampleserintladei linedre andacyclin. hyttacqubessoseleatad from
solvents include |linear, branched or cyclic

pbyithnec tisomess)n haxapeS(isamés) c heptare, (isbimers), coties €isomers),
of linear, branched or cyclic hydrocarbons having 4

nbAaRé ﬁ?érhéfk%?tdé&ﬁnéndsémé%’f)! heXadBEaws NabnesrstY el ¢lehexane,

hal ogenat ed hydrocarbons having 1 to 16 carbon atons.

cﬁéaﬁ@&%h%‘b %g&é@?ﬂéh@s gbﬁféﬁ@ Soluehe? gy%ﬁ‘lgom%t’%) ,h%t)l('lglbenzene

rocar el'ected from’ pentan ne

o R TES 4 PAER Oy, 854 By G fsomers). ity
el e, A ST S 3 B e HBS) B etrr

the |like; ethers selected fromdiethyl ether, di propc)ﬁ .

op the fike; anghehalpgeratsdiydrocarkeps se §P,m meﬂbvd?ne loride,
et her (isoners), dioctyl ether (isoners), diphenyl

chioneformor caban keteteashloridel ogshlorebenzamen c atelsaghloroethane,

sel ected from net hyl ene chloride, chloroform carbon
diohlorabbhzeneal (somiers)r arbeziikee, Theseasdivents etamaloe used alone or
di chl orobenzene (isoners) or the like. These solvents

W br Bfordipsefbambe Used M3 4 Wixiave nOre types can be used
as a mxture. In addition, a dialkyl tin conpound may

al sgq Qadﬁigh?be'ﬁ%kﬁ%irﬁg%rgﬁ{)ﬁ\%  dls Qﬁ%ﬂﬁihéﬂi@'banaling outa

reaction to b escri ater Simultaneous to’sal

1.0 . LS L L. r td: Qs
oBalkYiatBheRebh 1ot b 1687 SiliaiBol Y <Rt eyl group
‘%FF tglgeeﬁumad tto be an equilibriumreaction. As a result
FEHSERVERL ISR Y Y di es  conduct ed by the inventors of

the present inventiqgn, it was surprisingly. found that .
wheftfePrevipyslyq descihed; rsaid lkod  Braup,dFdistritiion  reaction is

reactants or products is ) ] )
presumed to be an equilibrium reaction. As a result of extensive studies

conducted by the inventors of the present invention, it was surprisingly found
that whether this equilibrium is biased towards the reactanis or products is
dependent upon substituents bound to the tin atom and / or the temperature at
which said alkyl group redistribution reaction is carried out. In terms of
substituents bound to the tin atom, with respect to, for example, an alkyl group
other than alkyl groups originating from the dialkyl tin catalyst bound to the tin
atom, in the case the pKa of the conjugated acid of said group is 0 to 6.8,
equilibrium was determined to be biased toward the products in the majority of
cases, while conversely in the case the pKa of the conjugated acid of said

group is 6.8 to 25, the equilibrium was determined to be biased toward the
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dependent upon substituents bound to the tin atom and

/ or the tenperature at which said al kyl group
redistribution reaction is carried out. In ternms of 20
substituents bound to the tin atom wth respect to,

for exanple, an al kyl group other than al kyl groups
originating fromthe dial kyl tin catalyst bound to the
rédatantatinnthei majdrity cafseagdse pikaddlitiarhdnclbej cage #e adad of the
of said group is O to 6.8, equilibriumwas determ ned
coRjubstdal asi@ds 0010e6.8, tHecequitidtiurnsvas fourel foehe bidsedotoward the
cases, while conversely in the case the pKa of the

pFRRIKOISHR hstehipeRhtut@ifbrédsdy.oup is 6.8 to 25, the
equi I 1 briumwas determned to be biased toward the 54

r eaﬂaﬁi‘élit h@ tfdﬁgndg’é th] ;'teﬁé/ aBbvé "’Fﬁ\%ﬁ'l(? lthe 39\?&%&5&“ of %Hbg Present

t he case conjugated acid is 0 to
.the..equilibriym f sased 4 r
YRR donePived By ¥ eyt for BoBReRitRBCd S, tofpopnd from
basi s, of .t he abqve {.i.nding, e.nventors of.the .
dRRRLEIR T oL te sipRYL B2 alalvatr (f SALBGitRBution of alkyl
regenerating a dialkyl tin conpound from deacti v?t %9
aresins. erethaleading §o completiampl die Desseghiryengon. I fhe case
redistribution of alkyl groups), thereby |eading to )
deactpuated Jarros afhihepdiadienttini catalyst drave Snt¥ebendse a dialkyl tin
deactivated fornms of the dialkyl tin catalyst have

comp¥uhdncen be giraddodd biynheatemgatingd thea rdeactivatedufosmhsbpf the
heat-treating the deactivated fornms of the 10 di al kyl

didIKy! GitcHtagst. lHEre, YYepRiete Aty iriwKidhnthehpiCdn of kY, Wkdch is a
of "HY, ich is a conjugated acid of Y in which a

wh
cgﬁgbggﬁg?ag%ﬁ NE vﬂﬁﬁrg aa%?éﬁ aforl Bad) beén Sded 1Y, is 0 to

and, 1nt case the deactivated fornms of
6t8he dial kyl tin catalyst do not have Sn-Y bonds,
hanely in the case the pKa of a conjugated 15 acid of

a group other than the alkyl .qrqup ori.gi i f . .

Che Ot eplier et iy el oot itF AgBeiiatde 1Bhpg i h8 Biaky! tin

deactivated forns of the diaII?/,I hin catgly 1S 6.9
caiglyst doaneti have,PrY RopesmiARE VRN £35R S sk sba conjugated

carr¥i ng out step (A o ) ]
acid of a group other than the alkyl group originating from the dialkyl tin
catalyst bound to the tin atom of the deactivated forms of the dialkyl tin catalyst
is 6.9 to 25, a dialkyl tin compound can be produced by carrying out step (A)
described below prior to heat freatment.

Step (A): (Substituent conversion step) All of a portion of those
substituents of said deactivated forms excluding alkyl groups originating from
the dialkyl tin catalyst are converted to a substituent Y to obtain an organic tin
compound having an Sn-Y bond.

Here, Y represents a Y in which the pKa of HY, which is a conjugated

acid of Y in which a hydrogen atom has been added to Y, is 0 to 6.8.

The following provides an explanation of step (A).
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descri bed below prior to heat treatnment. Step (A):
(Substituent conversion step) Al of a portion of

those 20 substituents of said deactivated forns

excl udi ng al kyl groups originating from the dialkyl

tin catalyst are converted to a substituent Y to

obtain an organic tin conpound having an Sn-Y bond.

Her ebtely (A9 pisea estéps i which avebotpasitionp&h deactivgtediforhs of the
is a conjugated acid of Y in which a hydrogen atom
dizlkylbtie ncatdlyet! dre réacted Withd @h &ci?Feplesehtid e following
provi des an explanation of step (A). 55 Step (A is a

fértrﬁﬁla'(QSY\’%h@W &r SRERASP ahhPdridd r ﬁ%@éhté@t tﬁé’ﬂ’élﬁ)vﬁﬁg formula
the dialk tin catalyst are reacted with an acid

I
ey W A8, Y olcttic, Bh OMPind Rafta Art SniY, B in M three
h S

A5hyr 4%%5’%%ﬁ?me&@géﬂé@ﬁ*@%@&% doig e "G %ﬁlﬂ a”nhvd"de
BB A 8 s S PS4 i 57 0.

npound havi ng Sn-Y bond in which one al kyl group
baﬁa i wmiﬁlbaneoalk)ﬂ groyppRnh A HMben ol Yarerps mglr@éma from the
and / or acid anhydride, the nunber of Y groups being
aciel and & drfaaignaahydtide, etgernumber obY3grosipe bisingdetesterd from an

single tin atom 10 As previously described, an acid

integersfehted, ane bdund 1ol 4 sitglegtin atom) a  ( 25) i s
preferably used for the acid: HY (25) (wherein Y

r eprags Eﬁé\ﬁodﬁsly raesenbédt BR #di@ r@bré!se‘h%tl %Qaﬂ'\%dfcﬂléh%gﬂformula

Yin the form of HY, in which a hydrogen atom has

(2598 ﬁgﬂ%w@lsé’dfbﬁg@é&d6 8). 15 An organic acid or

I norganic acid e used for this acid. Exanples of
|noqg@n|c aci ds that can be used include hydrogen (25)
hal i des, hydrohalic acids, sulfuric acid, nltrlc

cid .or

(wo(ﬁ?reén ’%h rragsoernt YA V%ICI('\:?]'I pfa of conjuga{ed acid o?Y in the form
of HY, in which a hydrogen atom has been added to Y, is 0 to 6.8).

An organic acid or inorganic acid may be used for this acid. Examples
of inorganic acids that can be used include hydrogen halides, hydrohalic acids,
sulfuric acid, nitric acid, phosphoric acid, carbonic acid or the like, while
hydrogen halides are used preferably and hydrogen chloride is used more
preferably. Examples of organic acids that can be used include carboxylic
acids, sulfonic acids, sulfinic acids, phenols, enols, thiophenols, imides, oxime,
aromatic sulfonamides or the like, while carboxylic acids, sulfonic acids, sulfinic
acids and phenois are used preferably, and carboxylic acids are used more
preferably. Examples of carboxylic acids include saturated or unsaturated
aliphatic monocarboxylic acid compounds such as formic acid, acetic acid,

propionic acid, n-butyric acid, isobutyric acid, valeric acid, isovaleric acid,
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hydrogen halides are used preferably and hydrogen

chloride is used nore preferably. Exanples of organic
acids that can be used include carboxylic 20 acids,

sul fonic acids, sulfinic acids, phenols, enols,

t hi ophenol s, imdes, oxine, aromatic sulfonan des or

the like, while carboxylic acids, sulfonic acids,
Zmiethyibatanaici dacidnd piNaticol acidy e hexadoipr edcidablisocapraic  acid,
carboxylic acids are used nore preferably. Exanples
Zbthylbutanoit i acidci2i2-dimethydisutaabier acktl] heptaneit @oit gtsomers),
al i phati ¢ nonocarboxylic acid conpounds such as formc

Rfdrbic a8Gd | Gsorhb@), AnBbRPEeI (isdficts), "dduHndid (‘acﬁ’d?'(%omers)
i sobutyric acid, valeric acid, isovaleric acid, 56

lﬁ\d@ﬁéﬁéﬁbb%lﬁnﬂéﬁm%gé) ci]dq Y:%hbﬁ: Al éisgﬁigf‘@)o' fetl%@bganmc acid

I SOCaprol c acl Ut anol c a

e A IR el Ao
AT S o R  J  ktc ce

(isomers), hexadecanoic acid (isoners), acrylic aci
@ﬂ@?ﬁﬁo'ﬁcﬁﬁld (isemess)i Or dbed likey |Sﬁy4fﬂt?éi iOf Yisaturated allphatlc
nethacryllc acid, angelic acid, tiglic acid,

arpmd@taqndsasmm as onalizacidi malanic agids 5ue¢lsoc anid tgletaric acid,
i ke; saturated or unsaturated aliphatic dicarboxylic
m«’pids axid; h eptanedioic aadid, (ispnwars), amdtanedioicci &gid  (isomers),
acid, glutaric acid, adipic acid, heptanedioic acid
HohBABEIOR acﬂcglé?d?ﬂdts?l Eeé@rhéhlélbsé&mr(ﬁsbmé'@; NRBRME dcii, Fumaric
acid (isoners decanedi oi c acid (isoners mal efic

aRfd, ImetiRElsic 4689 meRly uﬂn%ﬁbehada%éhteﬁsaubw fa‘égﬁr(is%mers)

aci'd, pent ened| olc acid (1soners) Itaconi c aci

Itgbbléflt:ur A ﬁ%‘lcﬁna ch:l1 r 'théS §i esg%ﬂfrafe%ldglo 'i.lnsaﬁlq.:rated aliphatic

unsa ri-car I'c aci ds “suc

1 ropanet |carbo I|c aci d,

*ficazbenﬁ»coper?e%'% car BUGY 1 i ¢3¢ g1 Eactil e
2,3-tricarboxylic acid or 15 the i ke; aronmat

e%?ﬂ?f???"%mﬁefbd’xﬂﬁr&@!ﬂad%3sqjﬁwt%)§b%*éﬁ§b1 2 3 gcarooxylic acid or
thyl benzoic acid (isoners), ethylbenzoic acid
the slﬂ%/%

r @romettiepyaraxylic c agis dcompaends syuch as benzoic acid,
di net hyl benzoi c acid (isoners), trinethyl benzoic acid
ntethglbenzdicacid (isomers), ethylbenzoic acid (isomers), propyibenzoic acid
(isomers), dimethylbenzoic acid (isomers), trimethylbenzoic acid (isomers) or
the like; aromatic dicarboxylic acid compounds such as phthalic acid,
isophthalic acid, terephthalic acid, methylisophthalic acid (isomers) or the like;
and, aromatic tricarboxylic acid compounds such as hemimellitic acid, trimellitic
acid, trimesic acid or the like. Among these carboxylic acids, saturated
monocarboxylic acids are used preferably, while saturated monocarboxylic
acids having a standard boiling point of 300°C or lower are used more

preferably, and saturated monocarboxylic acids having a standard boiling point

of 250°C or lower are used even more preferably. Standard boiling point
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the |like; aromatic dicarboxylic acid conpounds such as
phthalic acid, isophthalic acid, terephthalic acid,

nmet hyl i sophthalic acid (isoners) or the |like; 20 and,
aromatic tricarboxylic acid conpounds such as

hemnellitic acid, trinellitic acid, trinmesic acid or

the like. Anong these carboxylic acids, saturated

refers dar thex pbilingapoitt atr ¢ atmeebphess casaldepcribed lie Encyclopedia
sat urat ed nonocar boxylic acids having a standard

Chimidan gpyislishiedobn 306tcber 1,02003 asye Kygeitsur®ublishing Co., Ltd.).
preferably, and saturated nonocarboxylic acids having

Moret §pstafichioblbbi® defd, Nbropiorid a%fde%%wrmeidaggomﬁﬂ% acid,

even nore preferably. Standard boiling ‘point

vg@‘ﬁ%réﬂg,oisbbﬁ gl éo.}i&‘,gzl?ﬁétﬂgr@ianr]i’ogg%%Qﬂfésiﬁegéignand hexanoic

escri bed i n Encycl opedi a |

a %%seﬁell%géjgpgy Kyoritsu Publishing Co., Ltd.).

re speci acetic acid, propionic acid,

n-butyri.g acid. isobutyric, acid valeripc aci .

ot afif Sty Pide 38Risskplei SETs: tollBing timid (26) g mpeferably
an& hexanoi ¢ 5 acid are used preferably. An acid

ugad fefrtheacid anbydidetd HeP (AL fol l owing formula (26) is
preferably wused for the acid anhydride in step (A):
YOYYQ¥) (wherein Y represents Y in which the pKa of26)

a conjugated acid of Yin the form 10 of HY, in which
(whérgily Ygepregemts Nen vitdeh tizel pKd dfa donjugatedtaci® o8 Y iartbe form
O represents an oxygen aton). Exanples of such acid
ofu¥y dni Whishi & Hydrsyer apitatias debA RRTUATEG dess D6 6.85and O

aceti c anhydri de, propionic anhydride, butyric

reptByEnts dh oiyg%h%wm)p anhydride, valeric anhydride,

i'soval eric anhydride, succinic anhydride, maleic 15
oy s 1 05086 AN by SRS R s s
oBEHERE APV BONRL A SRAEL ' B SRFGb Geobutyri
anﬁg\/ .rP ,%a?ér;acngﬁﬁgdride, isovaleric anhydride, succinic anhydride, maleic
anhydride, propionic anhydride, glutaric anhydride or the like; and aromatic
acid anhydrides such as benzoic anhydride, phthalic anhydride, pyromellitic
anhydride or the like. Among these, acid anhydrides having a standard
boiling point of 300°C or lower are used preferably, and in order to facilitate
removal of excess acid anhydride following the reaction, acid anhydrides
having a standard boiling point of 200°C or lower are used more preferably.
Moreover, maleic anhydride and acetic anhydride are preferable from the
viewpoints of facilitating the removal of by-products such as carboxylic acid
esters and acyl halides outside the system and ease of industrial acquisition.

Although these acids and acid anhydrides can be used alone or by

mixing a plurality of types, in the case of using acid, there are many cases in
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boi Il i ng point of 300C or |ower are used preferably,

and in order to facilitate renoval of excess acid
anhydride followi ng the reaction, acid anhydrides 20
having a standard boiling point of 200C or |ower are

used nore preferably. Mreover, nmaleic anhydride and
acetic anhydride are preferable fromthe viewpoints

wifich aaiteri is doimned irhther casevefl reattinny apidoditic Heastivated forms of the
carboxylic acid esters and acyl halides outside the
din/kyletin Tathlgsts e Distillatign Séaparaties @i kkibeane Aldpapatith may be
these acids and acid anhydri des can be used al one or

chitied? dulliori 4 Gehyatting! n%é!ntofn YPE useldtd hembas Sk water. In
using acid, thefe aré ny cases in 58 which water 1s

Paftféﬁdol‘rlé‘ ch%u@é’cﬁ %ngofrﬁrf"‘éﬁdngn 'rﬁe‘&fotrqhg%%ﬂyh}’aﬁﬁﬁdagent is

orns t1 n cat al [7atro

A A R gﬁg SH, since

water. |n addition, the conbj ned se of an acid

haiRyRfe B2y rasaseingWhiry welslg's Riormedsin ther iagtipa between
Mor eover, in the case of using the acid anhydride

agiel §nhmr&¢@eanq Heactivated ferms @g&@sdlamlmn eatalystemethods using
not forned in the reaction between acid anhydride and
Oﬂbla@.‘tld‘aathydnd@amsalsb praferdblel kyl tin catal yst, methods
using only acid anhydride are also preferable. The

anoUitie afmoant of acil and!/ ercacld amhydriddeusérieid preferably within a
preferably within a 10 stoichionetric range of from

sfbidhibmehit FdngRSofTrsIAD. Pio Sbﬁlrﬁéé‘baé@d‘bﬁ‘!ﬁé Qihrkﬁgni ébntalned in
the conposition of deactivated forns of the dialkyl

tof!
tlgéngo@?n ‘tl&ﬁ fc[%ﬂ%ﬂ??tﬁgﬁéﬁ%% % éﬂdé Igﬁ theéaiiéllggl(" S %&lc‘ijeratlon
e Lhi g .
of P oD REY e i o i BEABBha iR st Pg fndl more
vessel and.the reacti e case of, a
pisTaradi BB F@ 53601 Bomd B o A s gh ponsiisration o the size
cases in which the reaction has difficulty in
obths erantiey, V%ﬁeﬂ anddhecieastion &aten IR tbﬂé:%ss@f afsteichiometric
stoichionmetric ratio of 50 tines or nore, there are
ratingf ieasethannOuthitberet Bre cases imovhich dbe geactiarhbas difficulty in
proceeding, while conversely even in the case of a stoichiometric ratio of 50
times or more, there are many cases in which there are no effects on the
reaction rate or final dialkyl tin compound yield in said step.

The reaction of step (A) is preferably carried out at a reaction
temperature of from -20 to 300°C, more preferably carried out at a reaction
temperature of from -10 to 250°C, and although a high reaction temperature is
preferable for increasing the reaction rate, since there are also cases in which
undesirable reactions such as decomposition occur at high temperatures

thereby resulting in a decrease in yield, the reaction is even more preferably

carried out at a reaction temperature of from 0 fo 230°C. In addition, the
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reaction rate or final dialkyl tin conpound yield in

said step. The reaction of step (A is preferably

carried out at a reaction 20 tenperature of from-20

to 300C, nore preferably carried out at a reaction
tenperature of from-10 to 250C, and al t hough a high
reaction tenperature is preferable for increasing the
reaciion ofnstept(d) isipreferabily carmed oat fpandeex gas atmasphere such
undesirabl e reactions such as deconposition occur at
abithét doriiaingt argen, nédveoehitrogepul ting in a decrease in

yield, the reaction is even nore preferably 25 carried

out AhoaighaRE UEbflEPSReERLY dt ?éunféHThQ;téﬁ (Rii%fisolb@nt can be
addltlon the 59 reaction of step (A) Is preferably

uséd rfér_elﬂleﬁiﬂrgbéb af |rhﬁl%rvino(ff?1ﬁfiw @a%ﬁkﬁttﬁé’ ?Q?]ct?% eﬁr'&%dure or

contaln rgon, neon ogen

eﬂfcué?g%qjeﬁﬁon\@wé gllapqc} th%@%h% %yg@n’? ﬁ-bg(/F%sge wa orb'\f,/ l%%ngnerated in
U FRRRIOR vdrkamidet & gftéil'-‘t?hégé’ tesg iicfidel ineda Branghel o Loyoli

9enerat ed in the reaction. | es of such solvents
hygrocathons; haxing @ré‘hcﬁ%dcafboﬁy@ args, mihereceerppased of linear,
having 5 to 16 carbon atons, ethers conposed of

brarwézgg or pyelitc hydrasarkenns havngdﬁwaﬂﬁmbhawtnm% arg linear,
16 carbon atons, and linear, branched or cyclic

bramichgd nart epblihyluhlogemduedshmubm@ohsttmwxﬁig datdd6 cerbon.atoms.
10 Specific exanples of solvents that can be used

Spaeific dexdrmplear oPrsdhVeits CthatyeHd By el sibigde afhelal 06t cyclic
pent ane (i sorrers) hexane (isoners), heptane

gdr%%ﬁfo?m)s s flbh’??:@i'ﬁaﬁie I%B;’r?é??) (h% ﬁkonﬂ?é)arl?eptane

I soners ecane I SoOners cycl o

<'%¥fﬁl=-'%268§t9“84ﬁ5?‘@ TioRafe (RRRFASE de‘o%b%i&?ng%%ie?{%adecane
(*%9@%"5531' Big %i%?f%n%i%ﬁ)&fp%ﬁf%églo%t s, HeTZBhEr lca*uene xylene
di oct et her i soners ether or the lik

(isgrge 4 %‘@& Mﬂéﬁ“ﬁm e Hf‘%o?i@e@%%'@?f@@ frem shiethyt ﬂ&heérfﬁpfopvl

chloride, chloroform carbon tetrachloride,
etbgr ({,\sgﬁ@ﬁs_)ermbutyl ether (isomers), dihexyl ether (|somers), dioctyl ether

(isomers), diphenyl ether or the like; and halogenated hydrocarbons selected
from methylene chloride, chloroform, carbon tetrachloride, chlorobenzene,
tetrachloroethane, dichlorobenzene (isomers) or the like. These solvents can
be used alone or two or more types can be used as a mixture.

The optimum process for producing the dialkyl tin compound by the alkyl
group redistribution reaction of the present embodiments as described above
preferably comprises converting a substituent of a composition of deactivated
forms of the dialkyl tin catalyst, in which the pKa of a conjugated acid of said
substituent of the dialkyl tin catalyst is 6.8 to 25, to the above-mentioned Y

followed by further heat-treating at a high temperature. Since the alkyl group
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tetrachl oroet hane, dichl orobenzene (isonmers) or the

i ke. These solvents can be used alone or two or nore
types can be used as a mi xture. 20 The opti nmum process

for producing the dialkyl tin compound by the al kyl

group redistribution reaction of the present

enbodi nents as descri bed above preferably conprises
redistributiongeactiom of theienesert embodipesits iio theoequilibrium reaction
deactivated forns of the dialkyl tin catalyst, in

anti edseidhen tHatypical propertigaiof theepdilibfiusatedction, the alkyl group
substituent of the dialkyl tin catalyst is 6.8 to 25,

rétﬁstrb@tléﬁ%gcmtdfolﬁédﬂ%s%ﬁt fephbRfENEY id Wiréf’é%blY carried out
heat treatlng at a high tenperature. Since the a

a%ngl‘dﬂ)gnem tRel EtCL Fddeiihd Oﬁe%r Gitfld UbRE %ﬁlgg:]tﬁéggﬁs)emé)ogﬁlon of

SIS e equl I'um reaction

dﬁeﬁﬁtn}q\f%l ?&Jrrlgsg{t}g@ﬁllgh Os%?q ?%gétih%&ﬁ? rﬂgbtﬁbﬁ%\%}égfﬁé&?rﬂuiated and
r esent ients is pre carrie o
Saacswﬁﬁﬁfrg?%ad thed ghefe Seticantialion (st cexasbe. e  prepgsivon o

ion of 5 deactivated forns in which s

daas \fate«étfeaﬂsdnnw mw%@@nt%ﬁnqeaﬁé@t%cforms.om which the
concentrated to a high concentration (for exanple, the

ngBesftalisy] arpupsidwondyie: the tinratemi of the akyt tie copmaund is a
of deactivated forns, in which the nunber of alkyl

ngminep ©therthdn owitin eespett & the totaltihenmbérkgfl moles afdimpafithd alkyl
is a nunber other than 2 with respect to the total

tinwopssorid coitamedl intthe empditian Y deabtivated IomPO bR the dialkyl

contained in the conposition of deactivated forns of

tuh *‘t%tﬂ'!yéﬂ lwﬁen fépresahfldy 8¢ ’m&f%msr?@rrﬁ?ﬁ@td?%éﬁe %?érabiy 30

% or nore, preferably % or nore an

of Separ atl ng
"ﬂm‘r .f‘°§? ?‘%ﬁ?h%“@% o T EERE IR, o
Deactivat ed Forms of D al kyI Tin Catal yst> The
fol |l owi ng provi des an expl anation of the case of

con3GaRts O aSAPaAUBHp SEARY b TE o RORIRRGS dofbokAmposition of
D;gg;‘%gb?_%Zéstolfrblgltkglmngeg&gaé&at| ng a chem cal shift
The following provides an expianation of the case of separating a
composition containing trialkyl tin compounds, and a composition containing
compounds containing a tin atom demonstrating a chemicat shift at from -220
to 610 ppm based on tetramethyl tin when analyzed by "°Sn-NMR in a heavy
chloroform solution, from the composition of deactivated forms of dialkyl tin
catalyst prior to carrying out step (A).
In the case of having separated compositions of deactivated forms of the
dialkyl tin catalyst, each composition can be reacted with acid and / or acid

anhydride under different temperature conditions.

The temperature when reacting the composition containing the trialkyl tin
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to 610 ppm based on tetranmethyl tin when anal yzed by
t19Sn-NMR in a heavy 20 chl orof orm sol ution, fromthe
conposition of deactivated fornms of dialkyl tin
catalyst prior to carrying out step (A). In the case
of having separated conpositions of deactivated forns
of the dialkyl tin catalyst, each conposition can be )
compounrds separaied droamthe compasition efrdgattivatedufeness of dialkyl tin
different tenperature conditions. 25 The tenperature
theh eatatyst obithn ghé Feic eamplos iot i awid amhiydride nig preterablyafrayl -20 to
tin 61 conpounds separated fromthe conposition of
10045, v BRefERIDIP frém M@kdB6°Ci And teﬂlﬁoﬁ?hﬁi Wigh denigerature is
the acid and / or acid anhydride is prererably from

pfeﬁ@ratb% Igéroﬁ%@ redeli6n REFPEFAQrY fdi" iﬁE?e‘a’s%ngh@?éécﬁ%ﬁdrate, since
a f he

though a high tenperature 1s preferdble for t
' ner i r [ QR at
e S Blog g PR R ftckfaple ERBAN i 8o [EROMRRA doour at
such as deconposition ocgcur at . hi. nper at ur es .
nEbdEritegres Taind 8 Fatrotla in vieks FERE AN Bperature is
temperature is even nore preferably fromO to 70C. On
eyenR neecprafeiably fre OelepéPeur ©n tseathes hand, dhe Hemperature
conposi tion containing the organic tin conpounds
wbent aeacting athei rcampesiiemoeentainingigthe ca@anic) ti heempounds
at from-220 to 610 ppm 10 based on tetranmethyl tin
coitaimiragn al tjrz atbrb ydehi@Biratihng a chamical shift at trbor 1820 to 610 ppm
separated fromthe conposition of deactivated forns of
baded dnaddisamdthyl tiatwhers analyred oyt HéSaNMRamdhéawy cakirdform,
anhydride is preferably from-20 to 300C, nore
sepstaficPRbi the0fdmpSsition f Aeactisled fbirs 8h tiie Bialy! tin catalyst,

tenperature 1s preferable for the reaction

IR G54l lr A8 SRR 1€ SLERFADT 102, § 966G, more
P{eECEpaxa0 12 Cr andiabobd A FER e RRgtstld fobtpleraBle for
5 BB SR RGeS th e 58 Gy Galerar cases
~heat treatnent to produce the dialkyl tin conmpound. .

in which undesirable reactions such as déecomposition occur at high

temperatures resulting in a decrease in yield, the reaction temperature is even

more preferably from 0 to 230°C. Each reaction product is mixed into a single

“ mixture followed by heat treatment to produce the dialkyl tin compound.

<Removal of Unreacted Substances and By-Products>

Reaction products obtained by reacting the composition of deactivated
forms of dialkyl tin catalyst and the acid and/or acid anhydride in step (A} may
be subjected directly to heat treatment, or unreacted acid and / or acid
anhydride and / or organic compounds not containing tin atoms formed by the

reaction may be first removed followed by undergoing heat treatment. Known
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20 <Renpval of Unreacted Substances and By-Products>
Reacti on products obtained by reacting the conposition

of deactivated forms of dialkyl tin catalyst and the

acid and/or acid anhydride in step (A) may be

subjected directly to heat treatnent, or unreacted

acid and / or acid anhydride and / or organic
netivpds sdshnas filatien, ndistjllation sepamtibo; meembyaneheseparation or
reaction may be first renoved fol |l owed by undergoi ng

sHioaht lexerathiemt carKisevuse@2torebhnde sHrdactsd fadidirand dnor acid
distillation separation, nenbrane separation or

aﬁﬁ*d’dﬁg gﬁ?tﬂo‘?cdr Qﬁic%%ﬁ&d&%ttébrﬂﬁﬁmgetw BfSAS fGehed by the
anhydride and / or "organic

ﬂunds not contalnlng tin atons formed by the
reaction. 5 <Deal kyl ati on Reaction> The foll ow ng
provi des an expl anation of the deal kyl ati on reaction
in the present enbodinents As a result of extensive
studies c nduc e he i nventors of the present 10
|nv§Hﬁqm¥afqn pr|S|neg found that when the

osition of deactlvated forns of the dial kyl ti
cat hesfollpwingeprovises an rexpl%\aype@ffthe d@@."fcviattﬂnarqq#m in the
tin conpounds can be easily obtained fromtrial kyl
pteésent embmadiments( organic tin conpounds in which three
al kyl groups are bound to a tin atom contained in
sai Aste pssulvefteddensiverstudidecdrnddated by the iwiettarsaf the present
detail ed explanation of said 15 dealkylation

inveAibh O -wds Qﬁﬂirl&iﬂ%ﬁ fSiInd Bt WREN ithe td@)ﬁ'nﬂﬁsﬁ&ﬁﬂbf deactivated
errbodlrrents refers Tto a reaction in which the

SRIPBPIthe WaRyl A Achalyet & et Wit he éﬂe%'ifl&y hcid, ialkyl tin

c@ﬁ%ﬂé%oc'%;&i%ﬁ”o@sg%@' o PRI BEr, B o

compoungs in thEch three alkyl groups are bound to a tin atom) contained in

r

said deactivated forms. The following provides a detailed explanation of said
dealkylation reaction.

A dealkylation reaction in the present embodiments refers to a reaction in
which the composition of deactivated forms of the dialkyl tin catalyst is reacted
with the acid and / or acid anhydride to form an organic tin compound having
an Sn-Y bond in which a Y group originating from the acid and / or acid
anhydride is bound to a tin atom by eliminating an alkyl group bound to the tin
atom. Although the detailed reaction mechanism of said dealkylation reaction
is unclear, for example, the dialkyl tin compound having an Sn-Y bond is
presumed to be formed by the reaction between the trialkyl tin compound and

the acid HY as shown in the following formula (27):
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20 anhydride is bound to a tin atomby elimnating an
al kyl group bound to the tin atom Although the
detail ed reacti on nechani sm of said deal kyl ati on
reaction is unclear, for exanple, the dialkyl tin
conmpound having an Sn-Y bond is presuned to be forned
by the reaction between the trial kyl tin conpound and
the acid HY as shown in the following fornula (27): 25
63 YR R 'R H (27) Sn\ + HY R/Rn\ YWY R R (wherein R

represe s a l4 negy ar_branghed aéﬁff gr eup ghavi ng 1(27)

to 12/:a\{?ﬁn 5 atons, and Y re S a group ot her
t harRan al kyl group). An acid rg{)res ted by the

following formula (25) is preferably used for the
(\? \Agl%nlﬁ? %r@séfi’fs% ﬁﬁé‘é#‘é{ﬂ ﬁh{rﬁﬂeﬂ %ﬂﬂl ITQQIQHP 'ﬂ\évﬁﬁii to 12 carbon
d f Y t h
fBh 4 Eaepirsbrty o 95@”%0 et éoiﬁniaa@iﬁ [ G or
d f t
| norinAFe TeReTIHg Rcber (PUPBlRH Qa1 625) 1 RIFBRraplclsed for
acids, sulfuric acid nltrlc acid, phosphoric acid
then acidassesiin said dealkylatips regelicdgen hal i des are used
preferably and hydrogen chloride is used nore

prefif¥abl y. Exanpl es of 15 organic acids include (25)
carboxylic acids, sulfonic acids, sulfinic acids,

(whertih & is @Nkrs whidh thh pal of, HYmistieeh, isoaicomjugiatied acid of Y in
aromati c sul fonam des, while carboxylic acids,

whitH mearéb‘érﬂﬁton@ Hb§ ibelef afledIod ik DheB®)s are used
preferably, and

An organic acid or inorganic acid may be used for this acid. Examples
of inorganic acids include hydrogen halides, hydrohalic acids, sulfuric acid,
nitric acid, phosphoric acid and carbonic acid, while hydrogen halides are used
preferably and hydrogen chloride is used more preferably. Examples of
organic acids include carboxylic acids, sulfonic acids, sulfinic acids, phenols,
enols, thiophenols, imides, oxime and aromatic sulfonamides, while carboxylic
acids, sulfonic acids, sulfinic acids and phenols are used preferably, and
carboxylic acids are used more preferably. Examples of carboxylic acids
include saturated or unsaturated aliphatic monocarboxylic acid compounds
such as formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid,
valeric acid, isovaleric acid, 2-methylbutanoic acid, pivalic acid, hexanoic acid,
isocaproic acid, 2-ethyibutanoic acid, 2,2-dimethylbutanoic acid, heptanoic acid
(isomers), octanoic acid (isomers), nonaoic acid (isomers), decanoic acid

(isomers), undecanocic acid (isomers), dodecanoic acid (isomers),

tetradecanoic acid (isomers), hexadecanoic acid (isomers), acrylic acid, crotic
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carboxylic acids are used nore preferably. Exanples of
carboxylic acids include saturated or unsaturated

al i phati c nonocarboxylic acid conpounds 20 such as

formc acid, acetic acid, propionic acid, n-butyric

acid, isobutyric acid, wvaleric acid, isovaleric acid,
2-nmet hyl but anoi ¢ acid, pivalic acid, hexanoic acid,

acih ésqurotic aaid, diny?acsticyadid; medhacrylid dcid, angelic acid, tiglic acid,
2, 2-di et hyl but anoi ¢ aci d, heptanoic acid (isoners),
aligihesiic acide uddécerwie asd (isumes) or dse likd;i sstomited or unsaturated
decanoic acid (isomers), undecanoic acid (isoners),

A|PRSR BRIaFbRGJliE AdiGSTRICh) as DXali€ ldchd epaMMIIC aRfd, Succinic acid,
(1 soners), hexadecanoic acid (isoners), acrylic acid,

ofUtafid Camﬁffcﬁia%ﬂ dcftPCh%Ptafhe@‘?%g a&H”Wsﬁﬁ?éréd)c 6€fa?||ed|0|c acid

nmet hacry C aci tigl

(PrlntréX Bobndlt; S SEEFRE i RAHER Tpfrs)ofpteie acie

acids such as al ic acid mal aci d ucc

e D me&@ﬂﬁdmﬂ%t ) e?'é‘teasﬁwc acid
(|soners) octanediogic acid 5 (iso nerEL nonanedi oi
(Rgluging isoneers). itacanieasithi Allimalenis a6 .os)thenlﬂqee.&?turated or
acid, fumaric acid, nmethylnaleic acid, nmethylfumaric
uasatwratpdnt ealiphaticc amqarbq)mlc:l udaeig |smp9ynd$tamhc as
acid, allylmalonic acid or the |ike; saturated or

1msq1rupmadcaﬂt:\iqxvlm i c tacidar boxy,Eia;pm;jedletrimnbwyﬁs acid,
such as 1,2, 3-propanetricarboxylic acid,

2lsaurﬁemymmn I2c3tmeatsbkgicaadid or 18e like; aromatic carboxylic acid
2, 3-di net hyl butane-1, 2, 3-tri carboxylic acid or the

cbh‘*b%unaé QIRhi 45 Eé‘ﬁﬂ%ﬂcioc rﬁé’!h?lbe‘h%ﬂ?&%ﬁl&ﬁls%ﬁ?é?s?%thylbenzmc

en20|c aci d, methyl benzoic | SOmers

? édﬂﬁ@{s‘? gror@&éﬁ 'icSQHErﬁéomgfs?pdfn?éﬂi@bﬁz&ﬁ'éjcnd (isomers),

ners enzol ¢ acCl

LTSS R O LT T

i sophthalic acid, terephthalic, aci
PE§0§HPhaIa§c Rithalic | aGiderispPly f?‘a{meapsdketersﬂathahc acid,

aromatic tricarboxylic aC|d conpounds such as
medhyliggphthalic agid disamenrsg| on thee likei andtanomaticc triggrepxaic acid

the like. Anong these carboxylic acids, saturated
compocaddesxughias heriteelitie ackk drimellitic acid, trimesic acid or the like.

Among these carboxylic acids, saturated monocarboxylic acids are used
preferably, while saturated monocarboxylic acids having a standard boiling
point of 300°C or lower are used more preferably, and saturated
monocarboxylic acids having a standard boiling point of 250°C or lower are
used even more preferably. More specifically, acetic acid, propionic acid,
n-butyric acid, isobutyric acid, valeric acid, isovaleric acid, 2-methylbutanoic
acid, pivalic acid and hexanoic acid are used preferably.

in addition, an acid anhydride represented by the following formula (26)

is also preferably used in said dealkylation reaction:
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preferably, while saturated nonocarboxylic acids

havi ng a standard boiling point of 300C or |ower are

used nore preferably, and saturated 20 nonocar boxylic

aci ds having a standard boiling point of 250C or | ower

are wused even nore preferably. Mre specifically,

acetic acid, propionic acid, n-butyric acid,

i soM@Yric acid, valeric acid, isovaleric acid, (26}

2-nmet hyl butanoic acid, pivalic acid and hexanoic acid
(vtigrelb ¥ depresbatalliy which ewdpKa®f.a eonjagated iy df Yde the form

represented by the following fornmula (26) 25 is also

oP & 8k akdhivh Us B didyerebatbril Gk bbah i sitddefRe v @0 fP6¥¥and O
(26) (wherein”Y represents Y in which the pKa of a

fﬁgé"éﬁetﬁ?‘g‘{%‘eﬂ a%%"z in the form of HY, in which a

rogen as en added to Y, is O to 6.8, and O
repeesents ap_o en . atom., 5. I '
anprares PReet e 4Hidlives 1R gt A48 rfiptfdes suen
aceti ¢ anhydride, prapionic anhydride, .butyric. . .

B A daNMYisst GRORIBNGn (TUBRONE. \BVUFF o SHRNGrA.gdsobutyric
i soval eri ¢ anhydride, succinic anhydride, maleic, . .
anhydride, valerisr aphyshide, dsovalenicianhytiide rsuccifie pahydrdde,  maleic
the like; and aromatic acid anhydrides such as .
abkydridle; propipoic aehy@lﬁde]aglutarmaygwrm opythentike; jand: argmatic

anhydride or the like. Anmong these, acid anhydrides
atidvamnigydridesasutdr as benzaic anbgdritie ophBlE anhydade) pgreemellitic

used preferably, and in order to facilitate renoval
affydidee s thel fkénhadiorie thedd Oﬁbiﬂgahhﬁjrﬁqé%chbomg acstandard

an¥1ydr| des having a st andard boi [ i ng point of 200C or

r e . v ; il

obfHE ot 306 ToREFEFS Hh prolbE8AY 3ha, (b E to aciiate
e of..: at | A r . . .
rolotl SEess, Hed ScbBe, flohify 4REHECNEh, acid, anpydrides
hal i des, out si de .t he syst ease of industrial
a8 SR DrlknSoPaiE of SHHC.EF bwtiae el Mtk pisferably
used al one or a plurali tdy
Moreover, maleic anhydride an

a(c):fetic anhydride are preferable from the
viewpoints of facilitating the removal of by-products such as carboxylic acid
esters and acyl halides outside the system and ease of industrial acquisition.

These acids and acid anhydrides can be used alone or a piurality of
types can be used as a mixture.

The amount of acid and / or acid anhydride used is preferably within the
range of a stoichiometric ratio of from 0.1 to 50 times based on the tin atom
contained in the composition of deactivated forms of the dialkyl tin catalyst in
consideration of the reaction rate and final dialkyl tin compound yield in the
dealkylation reaction, and more preferably within the range of from 0.5 to 20

times in consideration of the size of the reaction vessel and the reaction rate.

In the case of a stoichiometric ratio of less than 0.1, there are cases in which
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types can be used as a m xture. The anobunt of acid and

I or acid anhydride used is preferably within the 20
range of a stoichionmetric ratio of from0.1 to 50

times based on the tin atom contained in the

conposition of deactivated forns of the dialkyl tin
catalyst in consideration of the reaction rate and

tHe redctidhdidsydifficulty aopromeeding, evhile convieselyleseh yn the case of a
reaction, and nore preferably within the range of from
sfdichib@elift rdticBB50 Rintsd6i Argra! tHate Gire trhigny icage®in Which there
reacti on vessel and the reaction rate. 25 In the case

afd o eftts YrP F6é6arcttiﬁﬁt fafe OF find$ idikaAtirP cdmpolifdeyiéliein said

cases In whic e reaction has difficulty in

' [l e conversely even in the case of a
oBLASEAN BacitH

rometric ratio of 50 tinmes or nore, there are
many, cases in ich there. ar f .S .0 h :
e apaldliahBh? Peacti’ is hrerBfiit (itiRAG Syl o ¢ reaction
said deal kylation reaction. 5 Said al kyl ati o .
teraperatyie P§¥fﬁf“er%9 4013006 mee B(ﬁfe@g’?yacf‘é%{ PHF@‘ a reaction
tenperature of from-20 to 300C, rmre_preferabl¥ .
temperatdrecefi frem -401te 2807 6n and althetiah @ bigbfrepetion teropergture is
250C, and al though a high reaction tenperature is )
ppefefable fbrintreasing thearsactjon hate; sinoesi there are alsg eases in which

there are al so cases in which wundesirable reactions

undesiralsle dasaetipns | $uch asc decomipoBitioh beoqreadt highsteltperatures
thereby resulting in a decrease in yield, the reaction

thereBY @BsIBAG iR HEERBLY inGASIH ek Retictivh i@ eveCiions preferably
tenperature of fromO to Z30C. In addition, the

cgﬁ?éc{%h?tait %1 réﬁélﬁ)?:r @?ﬂbérﬁi’ﬁr‘éf &f ﬂgtrY oCf&J 2309COUTn idldRidn, the

I'nert "gas atmoSphere such as 't cont ai ni ng argon,

I J i
IBE 0 eRlon ehEAIT I piEtRBNACs R0 didn B ReRia Himospriae® such
cgg be rﬁs.ed for the gurPOﬁe of inmproving fluidity,
ag Ahat eqeniaining angon. PEAR OF BRr99e8cedure, or efficiently
renmovi ng water outside the system.n the, cas‘?f wat er ]
i s ddthoughdheiuseiaf@ salventi s mot psquiradn said dgalkylation reaction,
sol vents i ncl ude . o
a solvent can be used for the purpose of improving fluidity, facilitating the
reaction procedure, or efficiently removing water outside the system in the
case water is generated in the reaction. Examples of such solvents include
linear, branched or cyclic hydrocarbons having 5 to 16 carbon atoms, ethers
composed of linear, branched or cyclic hydrocarbons having 4 to 16 carbon
atoms, and linear, branched or cyclic halogenated hydrocarbons having 1 to 16
carbon atoms. Specific examples of solvents that can be used include linear
or cyclic hydrocarbons selected from pentane (isomers), hexane (isomers),
heptane (isomers), octane (isomers), nonane (isomers), decane (iisomers),

hexadecane (isomers), cyclohexane, cycloheptane, cyclooctane, benzene,

toluene, xylene (isomers), ethylbenzene or the like; ethers selected from
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| i near, branched or cyclic hydrocarbons having 5 to 16
carbon atons, ethers conposed of |inear, branched or
cyclic hydrocarbons having 4 to 16 carbon 20 atonms,

and linear, branched or cyclic hal ogenated

hydr ocarbons having 1 to 16 carbon atons. Specific
exanpl es of solvents that can be used include |inear
diathylyethier, dipdepyd catbeniseriess), atibtityb ethesnlisorsers), dihexyl ether
(i somers), hexane (isoners), heptane (isoners),

(isotrens), dicsipiesthpr (isomers), diphemyt elherdecthedike; iandniralegenated
hexadecane (i soners), cyclohexane, cycl oheptane,

hQll Edcarisdrine seRIEENFomS methHykie ¥hlovide, (idhidrefdhm, carbon

et hyl benzene or the |ike; ethers selected from 67

%ké‘&ﬂ‘dr’nd taﬁémb@h ﬁ@ytletrSE?I%Foéthén‘i’?E&lg?\br%cfH’igﬁtﬁ ¢é&}ﬁérs) or

| SOYTEI‘S exy et her I Soners I oct

r t e
the B P S QU caff ¥ indl aloifh o 70 o ibrg BOA°EHH BE used
chI r(3@@1‘ orm carbon tetrachloride, chl orobenzene

Hi%r oet hane, di chl or obenzene (isoners) or 5 the
Ilke These sol vents can be used, alone or two or re .
t ypé'é‘ec:ﬁho‘(ﬁ;"lﬁ’@@"eﬁsa kyl @fQHHrFGd'Wt'QBoR?@PH%W%ng& carried
al kyl ug?taoup redi stribution reaction nmay be carried
outit sigiultaneau oles saisl sigalkylationyeactiom r &iaee osaid soaalkylation
sai d deal kylation reaction is not an equilibrium
reaction ¢ nothi are equitibaiuky [regcberp witidd she i dlkoyli groupO redistribution
reaction is an equilibriumreaction, both reactions
rédctionaris | afl @duilibfiune Ordicliah] doths regctkaRargte €Rrmddyout in
Ti n Conpounds> Di al kyl tin conmpounds produced by the

cBhBinatBinCaPnéssisaty.i bution reaction 15 and / or
deal kyl at1 on reactlon descri bed above are conpounds

that include at |east one type of conpound sel ected
fromthe group consi sti ng of the dialkyl tin conpound

{S?rﬁﬁﬁyfﬂn%ﬁﬁ% the conpound r epr esént ed by t he

foll Qg\fkyptlrg (c):gmpoun ) p)roduced by the alkyl group redistribution reaction
and / or dealkylation reaction described above are compounds that include at
least one type of compound selected from the group consisting of the dialkyl tin
compound represented by the following formula (13) and the tetraalkyl

distannoxane compound represented by the following formula (14):

Y

(13)

R?,
(wherein R’ and R® represent groups originating from a dialkyl tin catalyst and
each independently represent a linear or branched alkyl group having 1 to 12
carbon atoms,

Y represents a group originating from a dialkyl tin catalyst or a group
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Y 20 R71 -Si-Y (13) R8j (wherein R7 and R8 represent
groups originating froma dialkyl tin catalyst and

each i ndependently represent a linear or branched

al kyl group having 1 to 12 carbon atonms, 25 Y

represents a group originating froma dialkyl tin

catal yst or a group 68 originating froman acid (
otigihiatingrfrerai an ity ¢HIYJear(dyO\9r, atideargigaride &rOY), the pKa of a
conjugated acid of Yin the formof HY in which a

chMigagRN adidost Wan theclrmagiBlyY inswBidhoa hy@irogerd atoraritag been
i ndependently represent an integer of 0 to 2, and i +

atj d@ﬂtoégs\(d%z ROK -SI -OSn n RIm(14) R101 Y
ere| n R10, R11 and R12 represent groups

nad B0 ey fofeting o Ie6S SO T 2 M v 2,2
group having 1 10 tq 12 carbon atoms, Y represents a

group ori gYnatl ng fT&m a dialkyl tin catalyst or a
group ori |nat|ng romgn acid (HY) and / or acid

anh)ﬁ’aﬂ‘d'e KA 'mf a conjugated acid of Y ﬂw4)
the formo HY in ich a hydrogen atom has been
added is ORt 6.8, @nd 15 k, I, mand n respectively

represent an |nteger of 0 to 2, k+1 =2 and m+
(@hereaPRFIREj &1 ahdRY tepresent graups \ariginatingnfom al qt@lkvl tin
Tin Conpound as Raw Material > .
catalyst and independently represent a linear or branched alkyl group having 1
to 12 carbon atoms,

Y represents a group originating from a dialkyl tin catalyst or a group
originating from an acid (HY) and / or acid anhydride (YOY), the pKa of a
conjugated acid of Y in the form of HY in which a hydrogen atom has been
added is 0 t0 6.8, and

k, I, m and n respectively represent an integer of 0to 2, k + =2 and m +

n=2).

<Production of Dialkyl Tin Catalyst Having Dialkyl Tin Compound as Raw
Material>

A dialkyl tin catalyst can be produced according to the method of step (1)
using the dialkyl tin compound produced according to the method described
above as the raw material.

Step (1): A step in which a substituent Y of the dialkyl tin compound
having an Sn-Y bond is converted to at least one type of substituent selected

from the group consisting of an alkoxy group, an acyloxyl group and a halogen

69




10

15

20

25

20 A dialkyl tin catalyst can be produced according to
the nmethod of step (1) using the dialkyl tin conpound
produced according to the nethod descri bed above as
the raw material. Step (I): A step in which a
substituent Y of the dialkyl tin compound having an
Sn-Y bond is converted to at | east one type of
atbmist i t uent selected 25 fromthe group consisting of
an al koxy group, an acyl oxyl group and a hal ogen 69
at oBaidSatep @) ¢ ptafpratdly @r stepr edehprisingttbe followsingsstags (I-1) to
the following steps (I-1) to (1-2): Step (I1-1):
Uggydrolysis Step) A conposition containing a dialkyl
ti'n 5 oxide conpound is obtained by hydrol yzing the
di a | cgqqm ishaydd)d Ah YoRogshthinimd aialky! tin
an g’?q#eétgﬂal a |§lesso%ét¢)on?\ g%%',ﬁai':ﬁgg %t’lh 2) :@g y

c.anpo t ql. i T i
oF B AT rBE S B 5y W8 g ik Hialkyt trBNESLd RNing the
C ai nin .al kyl tin oxide _obtained i,n ste 1-1
SRy hon hyg%{gfi'“%ﬁé W&”ﬁ@'@ﬁﬁoﬁ?ﬁ@”@’e%& ted f Pofn t h)e
10 group. consjsting of an al.cohol, carbpxylic.acid a
iy R A 1A SompROGS GO RS SRR MRS s TP FR from
of said steps (1-1) to (1-2). Step (1-1) js a st b Ef ,
thebtreactiary liguido by orgiacting thencampPaioni ePiaIning r#s'%JEYd h oxide
conmpounds by addi ng an aqgueous al kaline solution to
obtzinet &t lsgep (i-1) withpatuledst obeatypedfbgompeund isglecied fiom the
redi stribution reaction and / or deal kyl ati on

gfaRsEbMeistintPott 3@ glcoho!, 2gtissylic atidadndhydrogenihalidesf er s
to an aqueous solution in which an al kali has been

di S%?%Vi%ﬁo\ivmg\/ﬁberdes% akiahatidrbot $ud sy (1) te (R) or

a substance“that adopts the formof a hydroxide M
o SRR e e e eofayng kg, o
cgﬁmﬁ %Lﬁtdc‘?rq 'anAantu%%ﬂgrlall%lin'%dé.o‘iﬁﬁo‘??toafﬁeadigﬁkbl {iftE8Mmpound
obtained by the alkyl group redistribution reaction and / or dealkylation reaction.
Here, an aqueous alkaline solution refers to an aqueous solution in which an
alkali has been dissolved in water. An alkali is the generic term for a
substance that adopts the form of a hydroxide MOH and dissolves in water as
described in Encyclopedia Chimica Volume 1 (Kyoritsu Publishing Co., Ltd.,
38th Compact Edition). Although M indicates an alkyl metal or ammonium
group, in addition to referring to hydroxides of calcium and barium, hydroxides
are also used in the broad sense to include sodium carbonate, ammonium
carbonate, sodium phosphate or the like.
There are no particular limitations on the aqueous alkaline solution used
in said step (I-1) provided the pH of a solution thereof is greater than 7, and

examples include an aqueous lithium hydroxide solution, an agueous sodium
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20 group, in addition to referring to hydroxides of

cal cium and barium hydroxides are also used in the

broad sense to include sodi um carbonate, anmoni um

car bonat e, sodi um phosphate or the like. There are no
particular limtations on the aqueous al kaline

solution used in said step (I-1) provided the pH of a
hyadtoxided soldtione adn isgugoast potaséiam hydendde Zbluticapdre aqueous
I ncl ude an aqueous |ithium hydroxide solution, an

cBSAP Uiy dresliE soldfiomy dhouhdeoss | pstassiumacarspirme ssolution, an
pot assi'um hydr oxi de 'sol ution, an aqueous cesium

a@%’;?&?é is88iup? kHiddMate @BluﬁgHeQH 2gRiebas Sodilint Hidbeh&te solution,

utron, an aqueous sodi um carbonate sol ution, an

U0 BB 2RO 500, a8 prosprte
SHRCELE B e e e b somton,

pot assi um hydr oxi de sol, t| 0 aqueous po
the, PRGNS POLRSSHHM A1YdEP¥de 50 tﬁnei*& 39P90U3r98 S&ﬁﬂ&&‘%‘mate

al kal i ne solutions my be used alone or two or

splytion arayudes preferably. a Thiese aqueonsalkalie-sejgtions may "be used
particular Iimtations on the anbunt of the aqueous
aldrieadi twe soinoteé typessady peassedieals atmikture0 Aheeeagure particular
amount for forming a precipitate, it is preferably

liHfitions on tel afmbunt of the ajuésusrakaline Kdlutiomessedprovided it is
amount of the m xture containing dialkyl tin

APOAREUAS 2Pt '?Sldfot?bhiﬁiﬁ grekipitatdy, RUB preféirablyivet atna weight

reaction and / or dealkyl'ation reaction. There are no

rQ@tS tdfcfrgrfif)1 tégﬂli ?%%:ﬁé;%nﬁ&lﬁtt&% dd[lF‘e Fonihifg dialkyl tin

and the tenperaturé iIs

P efer%bl ac\f“%}] o%Yoﬁhg %ﬁ(&ﬁ qr eFea(ﬁ%tﬁéE @?pre é?g‘b?ﬁd ! or

the reaction tenperature for increasing the
‘Ie@ii%quﬁﬁfﬁéo 'since there are cases in which
undesi rabl e reacti ons such as deconposition occur
hi ghTherergserna parisulan drmitajions o thergmneratue & wfigh ﬁt?P (I-1)
yield, the tenperature is even
is carried out, and the temperature is preferably from -10 to 100°C, more

preferably from -5 to 50°C, and although a high temperature is preferable for
the reaction temperature for increasing the reaction rate, since there are cases
in which undesirable reactions such as decomposition occur at high
temperatures thereby resulting in a decrease in yield, the temperature is even
more preferably from 0 to 30°C.

The composition containing dialkyl tin oxide compounds is obtained by
said step (I-1). The composition containing dialkyl tin oxide compounds can
be separated in the form of the precipitate. A known method can be used for
the separation method, and for example, the composition can be separated by

filtration.
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20 nore preferably fromO to 30C. The conposition
containing dialkyl tin oxide conpounds is obtained by
said step (l1-1). The conposition containing dial kyl

tin oxide conmpounds can be separated in the form of

the precipitate. A known nethod can be used for the
separation nethod, and for exanple, the conposition
canStep fiaisaa stepogf redetingla campositionlcdbttaipingl didjkyil sinzoxide
step of reacting a conposition containing dialkyl tin

cMpaands ssparansts inssep (R paith it $dz0 ohke-tipe of tOmpbuhd aslected
one type of conpound selected fromthe group

fréR hedrolp Bhsling ot aRUicoltdlr Epvkiifc A6l Grnklydivgéen talide to
hal1de"to renpbve a conponent contai ni ng generated

Con | Laui _
AR o Bedient eaiha hEHefted, kAREMGR e FofARH fauia
nb b t t . SAj l.]

ERAMBIES 8L RIS 1R6 M hAR  EBH el 31EREG i Bufn the

n%&:gﬁg lgfygbeo&eqﬁatpt " nﬁ{%ﬁh%i ggmpg,saml §§s|,asl gfc;rg?m is?f;iJ bgnﬂﬂqegl )gefected from
hept anol (‘i sonmers), octanol (isomers), nonanol

an jiRfeaer of 1 t9ebdnvich as sethanolpethanol| prapanph (isemers)okutanol
10 exanpl es of carboxylic acids used in said step

(igameps)i pehtagel Gaomexs)l ihexanolddsamers)nheptannk (inomses), ectanol
carbon atons that conpose said carboxylic acid is a

(isombes), Sonaabkdisbherspndecdred efisarhers)tor 1Re likech Ims addition,
formc acid, acetic acid, propionic acid, n-butyric

exdrhPles! SFdboYlie Afdslusadiresaitl A6p Sl-z)' PRI Rlectarboryglicdacids in
2-met hyl but anoi ¢ acid, pivalic acid, hexanoic acid,

AR U cAo B osonboaé b corboic o i
n§5b8E St fotd 38TEfr o LI5S0 e BAREZAAY, sat aca
T RN WL M WYL L T
2 retsyibatano  Sen,  pivalic  acid. Fedmoic 0 ¢ iSocapreic  acid,
2-ethylbutanoic acid, 2,2-dimethylbutanocic acid, heptanoic acid (isomers),
octanoic acid (isomers), nonanoic acid (isomers), decanoic acid (isomers),
undecanoic acid (isomers), dodecanoic acid (isomers) or the_ like. In addition,
examples of hydrogen halides used in said step (I-2) include hydrogen chloride,
hydrogen bromide or the like.

The stoichiometric ratio of the amount of reaction agent used in said step
(I-2) (the term "reaction agent" is hereinafter used to refers to an alcohol,
carboxylic acid or hydrogen halide) based on tin atoms in the composition
containing dialkyl tin oxide is from 1 to 1000 times, preferably from 2 to 100

times, and although an excess amount is preferable for increasing the reaction

rate, the amount is even more preferably from 3 to 50 times in consideration of
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20 The stoichionetric ratio of the anmpbunt of reaction
agent used in said step (1-2) (the term"reaction

agent' is hereinafter used to refers to an al cohol,
carboxylic acid or hydrogen halide) based on tin atons

in the conposition containing dialkyl tin oxide is

from1l to 1000 tines, preferably from2 to 100 tines,
theneaset lfugmavale aftes sthenveactions pAbeepfyementioned range is
increasing the reaction 25 rate, the anmount is even
prafembbe edincabiemdval nof3 reactieh teigeat afterc tivesirdaction ceqaires a
72 the ease of renoval after the reaction. The

cohsiderabid | amedntr an%ér%y iAr theclcabe cofSuBing BANBYEy @xcessive
reacti on agent after the reaction requires a

affuTt BEFetRtiBn pt of energy in the case of using an
overly excessiVve anount of reaction agent. 5 Although

h . ; . . ;
e 1 G UPE o BT nEASRERRREK el [ aep (-2
ah RSB S bREVRALBERS 4 bEBKRAY By et of mprouing
oG e ERBERR SBe{Sh Somks o Sab B Pt
not react with dialkyl tin oxide or dialkyl tin . .
odtsida ther systemed Solvesds that cap belesedmnay hesagy selyent provided it
sol vents include branched, linear or cyclic aliphatic
dogsinot sedci ngiths digikyl dinhexide o (dislyktis cataiysitfarmed in said step.

(i soners), octane (isonmers) or the like; aromatic

Elkgahplesardfoguch usblveatsodanciade, braahede, linsdrene cyclic aliphatic
(including isomers) or the like; ethers. Although

hydvorasbrRcatitas Biekané IRomEs), %Pla?%fié&ﬁe?éi?ﬁbﬁném‘sgmers)

solvent 15 used and the conposite ratio thereof,

- | r .
of GEPHEE aHapfc nYitdcaridic s hs bEnone, GYRRE” kP8 including
: sl nperature is preferable for the
‘Sglé{aé@?f‘gﬁ“?éﬁgegﬂ}eu ‘e for increasing the reaction
r at g‘!thSi nce there are,casges.in whic esirabl e

e ihaHaR Saina bR Ba e BipaySh (FAGIORAGEMS and solvent

tenperatures, the reaction tenperature is nmore .
used and the composite ratio thereof, the temperature at which said step (1-2)

is carried out is preferably within the range of from 80 to 200°C, and although a
high temperature is preferable for the reaction temperature for increasing the
reaction rate, since there are cases in which undesirable reactions such as
decomposition occur at high temperatures, the reaction temperature is more
preferably within the range of from 100 to 180°C.

There are no particular limitations on the pressure at which said step (1-2)
is carried out, and although it can be carried out under conditions of reduced
pressure to increased pressure, in order to efficientty remove water from the
reaction system, this step is preferably carried out within the range of from 10

Pa to 1 MPa and more preferably within the range of from 10 kPa to 0.5 MPa.
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20 preferably within the range of from 100 to 180C.
There are no particular limtations on the pressure at
which said step (1-2) is carried out, and although it
can be carried out under conditions of reduced

pressure to increased pressure, in order to
efficiently renove water fromthe reaction system
t hi Asthap beem pedvioudly desaribeddalugh ithisnnedassaphie remove
of from10 25 Pa to | MPa and nore preferably within
wdier gengated biyrtherébctidiafrom thebrdddtion sidtehn inaaidetap (1-2), a
previously described, although it is necessary to
KheWRVdehyiraifdn SRASSAESS bRYusedfor 8Re HeRydrhti®nidtAod, examples
reaction systemin said step (1-2), a  known

e ti t : b ihor h FON distillati
o‘ﬁnem%ﬁ nﬂﬂu&?e'si‘ﬁgilgg%h %ﬁbﬁ?dﬁofn r%t%llgcteﬁe Y8l N distillation,

exanp whi ch' I ncl utle [ation

L OJL gonil C .di still]lati B . .
raFSlcRbl PGl i AT AR ot ekl Bbisilpyition or the tie. A
azeotropic distillation or the like. A  nethod such as, .
RG] stieh 3 ASHEROFRICRISAN P8 lsed iBF e Sghasrlion. While a
while a known dehydratjng agent such as a nol ecul ar
kapwie dehndnating s agens sych gas i maplesylaggeigve gaprke dsed as a
no particular limtations on the reaction vessel used
denydeating agenteacti on of the present enbodi nents, and a
known reaction vessel can be used. Conventi onal
r eacltieve aresse pariadabimitaiiorsbby thenteiaction fuesselsesed in each
exanpl es of which include a stirring tank, pressurized

readtion Bf théPreserte@mdodimemed antli & rinogvri Pedctionolesel can be
reactor, distillation colum, packed colum, thin

u%bh.m_ r ] 'ér{tiﬁhbp'?eﬁétidﬂ v%"ss%l@ecbh ke SiiiRbSy ]g%bﬁqlghéd’ for use,

articul ar imtations on the 15 material "o

<S8R ot BB AR, MR S i8Bedect Shrnfg tan
c@t eel , .carh steel or, Haste

pEsrizeh ATBin Bl Eomaterartors isyRiich GeiAh. Bipieg ootumn,
tin R 4 Rl OBrEI B8 Ten et 260 AISGSR oW UEatias on the
rr?aeteﬁglorg‘ Qﬁgtre%% i<§3rr11 d\leggseﬁnart\cs] ea SktnS\?vnarr}Saterial can be used. For
example, a reaction vessel made of glass, stainless steel, carbon steel or
Hastelloy, or a reaction vessel made of a base materiail provided with a glass
lining or a Teflon-coated reaction vessel can be used. Since there are cases
in which corrosion by acid may be prominent depending on the step and
conditions, in such cases a reaction vessel made of glass, that having a glass
lining, that provided with a Teflon (registered trademark) coating or that made

of Hastelloy may be suitably selected.
The dialkyl tin catalyst produced in the previously described steps can be

used to produce ester compounds. As was previously described, the

optimum process for producing the dialkyl tin compound by the alkyl group
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20 conditions, in such cases a reaction vessel made of
gl ass, that having a glass |ining, that provided with
a Teflon (registered trademark) coating or that made
of Hastell oy may be suitably selected. The dialkyl tin
catal yst produced in the previously described steps
can be wused to produce ester conpounds. As
replistribotion yredetion | dfedhe t preseat epbodimants oa;llms ftbe dialkyl tin
producing the dialkyl tin conpound by the al kyl group
cArhpbaAd Sor bé Ushiainetieaxtrérmelyo tfficientlyr ins the: casboofi nemverting a
aIPoms the dial kyl tin conpound to be obtained

sn%%tgl?éﬁ' of §fc5|'rﬁio%ﬁfdny01‘ deadtivatet forfifs 6Pthecdialkyb tia catalyst, in

tuent of 'a conp05|t| on of deactivated forns of

o [Ry! tin catalyst

whiET s of 2 Eprifidted Sl of el St G e ity 1 e
t

i Big Shep 0y Feapboyeafaimighas | TefoRes; S pebigduno at a high
such an exa le, after treatin C 0
tafapeAEtYS: ed 1P oSHEN 0Nt FXaR) ?k%f{ ; eRd f"ﬁf" F%‘e?%*t”" of
froma carbonic acid ester prod i 0 rocess that d est
dtsctiasedTomn bt thendialrb in alkaide, At ypt Al i ester
as described belowwth an acid and / or acid
paoduatiohdepcesstiatatses adiallsyldin elkaxidedas dediatieyl Hpreatalyst as
preferably acetic anhydride in accordance with the

deEG et DeYowl esith idrecicit epd( Alor atid antydridg: qurgferably an acid
redi stribution reaction is carried out by heat

ath?ﬁd@nénd andrd sefbirablyy bokiie' Aydeided if ciovedddreed with the

rably dialKyl-diaCetoxy tin) is converted to

pﬁjé\ﬁ&Féik cfe%ﬁnﬁ’%cﬁ %ﬁdpmjg% %ﬂ@g P?duﬁ pedistribdfioR Feattion is carried

carbonic acid ester. In

LSS, 0B bl 36, Sty e e
oA S5 S RNy i

reaction, the al kyl group, redistyibution reaction of
 oalalypLER the ORORIAIE A CATRORP SR 8B (B PRcAss P Well. since

according to the procedure descrlbed above uE
toenalbgl graup cedistiutionareartionr of the pFesERt sgmiodi enl§ is an

equilibrium reaction as previously described, and based on the typical
properties of an equilibrium reaction, the alkyl group redistribution reaction of
the present embodiments is preferably carried out according to the procedure
described above using the composition of deactivated forms in which said
deactivated forms have been accumulated and / or concentrated to a high
concentration (for example, a composition of deactivated forms in which the
content of deactivated forms, in which the number of alkyl groups bound to the
tin atom of the alkyl tin compound is a number other than 2 with respect to the
total number of moles of tin of the alkyl tin compound contained in the

composition of deactivated forms of the dialkyl tin catalyst, when represented
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20 deactivated forns have been accunul ated and / or
concentrated to a high concentration (for exanple, a
conmposition of deactivated forms in which the content

of deactivated forns, in which the nunber of alkyl

groups bound to the tin atomof the alkyl tin

conpound is a nunber other than 2 with respect to the

as omal%nusht® wbl%obegnofe, t preferabiyh S0ainmglPe torn masepanddmore
contained in the 25 conposition of deactivated forns
prefetabdy 50 ahdd%4 ot inpre)at al yst, when represented 75 as

nmol % is 10 nol % or nore, preferably 30 nol % or nore

and N’Qi?ﬁ@ly, Ohéeobjetlaf thE preséntanvemtion is fapRiduceane dialkyl tin
obj ect of the present invention is to produce the

ol )y SRRl DAt i i ctats

B’ SRR Prfics MR AR B i
ST ShomBRle SE3E B A, b s L o o

esters. The process for producing, carponic acid esters
PrckIctipR 9 Stes ﬁﬁm%oé@dﬁhéﬁd partf%\lagrlvg%rge% 6(°1<§ ep§r3-4) :
10 Step (1): (carbonic acid ester formation step) .
car Ibe riceessiforapraducing loarbonic acichesieys prefpeabiy sempgises the
to obtain a reaction liquid containing carbonic acid
follstving st8psd1) ®) (4)car boni ¢ acid ester separation step)
the carbonic acid ester is separated fromthe
St i on | i@arsbrii® acit @ster forfrestionustep) carbion; dibxidStamd dialkyl
(3) (dialkyl tin catalyst regeneration step) the
tifh GSHtEYS ald GEhetedNtd ol NP lredctOn GqGiHCorRAMINS TktRIRE acid
water “I's renoved outside the systemto regenerate the

2l Kyl tin catalyst; and Step (4) (recycling step)

€ dialkyl tin catalyst obtained in step (3) is

S{e%céé‘il ed ba&%rﬁ@nié beR éétér separation step) the carbonic acid ester is

separated from the reaction liquid to obtain a residual liquid,

Step (3) (dialkyl tin catalyst regeneration step) the residual liquid and
alcohol are reacted and generated water is removed outside the system to
regenerate the dialkyl tin catalyst; and

Step (4) (recycling step) the dialkyl tin catalyst obtained in step (3) is
recycled back to step (1).

The following provides a detailed explanation of each step using the
example of a process for producing carbonic acid ester using dialkyl tin
alkoxide for the dialkyl tin catalyst.

(i)  Alkyl Tin Alkoxide Synthesis Step (Step When Starting Up Continuous

Operation)

In this step, a previously disclosed process for producing alkyl tin
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20 The follow ng provides a detail ed expl anati on of

each step using the exanple of a process for

produci ng carbonic acid ester using dialkyl tin

al koxide for the dialkyl tin catalyst. (i) Alkyl Tin

Al koxi de Synthesis Step (Step Wien Starting Up

Continuous Operation) 25 In this step, a previously
alflbgidk qsach RIsOVG 2005/ 111048) candhauked preferably. allhisxstep 1s a

(such as WD 2005/111049) can be used preferably. This
step ﬂréd@cingbﬂlhllﬂfl tiralesiade romaaidlicy! tin oxidé leadiadeoho!.

froma dialkyl tin oxide and al cohol. Al cohols in

whi aftdrofe RHRRN 1AE ARABENoREATBN dioins AAADEOMPLBS the alcohol

al c IS a nu elr selected froman integer of 1 to
.12, j

st T Se BRI an FAEGEPbY 1 1 P508ATP s (heAEROR ethanol,
PIRBRERb(Sginesio Pu ol ety 1eafid Remersh Fifzho (somers)

preferably used for fhe al cohol. A dialkyl tin j
hbRianeLGsArberss, ogiARok BRTBRISHNTT (Rofsy). dechudigtipers) or

the dialkyl tin oxide used in the alkyl tin al koxi de
theylikeh ase prefeeably usedrior the alephobg) R15 n (wherein R14

and R15 independently represent a |linear or branched

al ky digtkylitin dxige mepreseotetbby dhe dollowiogsprmula (38 ipused for

of R14 and R15 include al kyl groups which are
thd diafkgt tis oxitleciseerintthe afkyd tip alkeidengyrithesis Bfepar bon

atonms such as a nethyl, ethyl, propyl (isoners),

butyl (f sdter pentyl (isoners), hexyl (isoners),

hept yl disone s), octyl (isoners), nonyl (isomners),

decy tomer@)y=—undecyl (isoners), dodecyl (isonergg)

group Qr khe | fke, preferably Iinear or branched

sat ur ategiis n

(wherein R and R'® independently represent a linear or branched alkyl group
having 1 to 12 carbon atoms).

Examples of R™ and R'" include alkyl groups which are aliphatic
hydrocarbon groups having 1 to 12 carbon atoms such as a methyl, ethyl,
propyl (isomers), butyi (isomers), pentyl (isomers), hexyl (isomers), heptyl
(isomers), octyl (isomers), nonyl (isomers), decyl (isomers), undecyl (isomers),
dodecyl (isomers) group or the like, preferably linear or branched saturated
alkyl groups having 1 to 8 carbon atoms, and more preferably an n-butyl group
or n-octyl group.

Said alcohol and said dialkyl tin oxide are subjected to a dehydration
reaction and the water generated is removed outside the system while
obtaining tetraalky! dialkoxy distannoxane and / or dialky! tin dialkoxide. The

temperature at which said reaction is carried out is, for example from 80 to
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20 al kyl groups having 1 to 8 carbon atons, and nore
preferably an n-butyl group or n-octyl group. Said

al cohol and said dialkyl tin oxide are subjected to a
dehydration reaction and the water generated is

renoved outside the systemwhile obtaining tetraal kyl

di al koxy di stannoxane and / or dial kyl tin dial koxi de.
180eC 2 Gmrideirpaordénte mmove genesatedr wabdri ootside dhersystem, the
out is, for exanple from80 to 77 180C, and in order
rédcticiMmEmpaedtaretied pydfbRiblp Ufrémde 00hdo S Y80I altisugh varying
reaction tenperature is preferably from 100 to 180C

eoae ' CGAY HithSubA 3 MfyHP tefiperatureaRtpreferable for
ag%:?hough&b\g%%ﬂé%uéﬁbgratureulbs prg%erab\sg forre ?%e

tti]@ ?&Idtﬁﬁ tbfperAfdte fér iﬁ@refl%ﬁ%tflésfba&ééﬂ‘ Faté eﬁﬁ&é Peredrd cases

nce there‘are cases ch undesirable reactions

.such. as decorn it . u L g at.ur t .
o7 oSRIGPS (HTRTBPI RN bull, B IechGRREERN, SRy ' high
range ,.of from 100 to 160C, The reaction essure. i s a
tePRSGies; 118 reATioRCHURIALIE & Mpiedrreriably WENDJbg range of
outside the system and although varying according to
frome 100 4036086, t Ehpaeastiorepressuia s prassire hagallows gengrated
20 to 1 x 106 Pa. There are 10 no@FarticuI ar _

waiteii toche tempoved ohtsideethet systemi and afthough wanyng ace¢asding to the
reaction, and is generally from0.001 to 50 hours,

reactforr ehiperbiuve) 8. Withih dhéd Gahgeiof frami 26do el x JI0ERar. abThere are
fromO0.1 to 2 hours. The reaction is conpleted once

nolSarfiedibF RfitaBbrie/ bn tthd réadtionl filfie ©F the dehydratibAseletin, and is
obt ai ned. The progression of the reaction can also be

' [ t t
P09 SpOTI0 00 SR 0011 s g more

SRUGFAR98 15 RGHLE1 T Micn' 8, SiBEt2gREE e oo
AW B oMot o e bRl ™ e Bgresei ot e
r%cgitq%ﬁ,&q?rﬁ !grs}g bg idaeltgr(r)r;(i%eg ib?(t r%gg(s)&(ﬁ:{]ge tI%eo aﬁ'lio%llnit()gf v&aitgr- extracted
outside the system, or by a method using '°Sn-NMR by sampling the reaction
liquid.

In order to produce the mixture of the present embodiments in step (1),
the reaction is completed after confirming the obtaining of the composition in
which the molar ratio of tetraalkyl dialkoxy distannoxane to dialky! tin dialkoxide
contained in the alkyl tin alkoxide composition obtained in the
above-mentioned reaction is within the range of from 0:100 to 80:20 when
represented as the combined mo!% of both, and more preferably within the
range of from 10:90 to 70:30. The alcohol used may be allowed to remain

present or may be removed by distillation depending on the case. It is

preferable to remove as much of the alcohol as possible since this offers the
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20 contained in the alkyl tin al koxi de conposition
obtained in the above-nentioned reaction is within

the range of from0:100 to 80:20 when represented as

t he conmbi ned nol % of both, and nore preferably within

the range of from10:90 to 70:30. The al cohol used

may be allowed to remain present or may be renoved by
advantageafibeingl aplentdi regiuce thé sizeagkthel reactiorz sessels of the other
preferable to renove as nuch of the al cohol as

spepssi [Removaldwy atkrownf Histilatidre metBod dy prefegable fobthengemoval
able to reduce the size of the reaction vessels of the

neithed, ahledknovaimeictillation aappardis dear i abedTomehé Mistillation

is preferabl e for the renoval mat hod, and a known

angHtH g‘%}‘-‘g ﬁoadgglgg§g#ﬁ§% ﬁg{ \:ﬂrrf Hl&? flation apparatus can
T s

“I?'%‘ngcl' W2 S Beriot b e, TR ate of touar ﬁrhhgfj 9@%8" the
of reaction vessel of the dehédratl on reaction,

f%%?ﬁ?“t‘iﬁi‘éebﬁ' ﬂ‘tﬁ)ﬂﬁmfﬁy 2 reactian, mdv@é@é’wncmkﬂgpe or
used. A low boiling point reaction mxture containing
colnen-type waction vease!raan beusedachileow badinggpoiptreaction mixture
distillation in the form 10 of a gas, while a high
cboidining wadenis exdeactédfrom theureactiontvesseeiry distillgtiomdindbe form
al kyl tin al koxide or alkyl tin al koxide m xture is

ofét gas;t whild monighhsoiliey peintaleactitve niigfuré icontairingethel produced
the formof a l'iquid. Various known nethods are used

afk§ tif Wkoddé Qﬁ“élkﬁrtm" afkRide ﬁﬁb&hr@ﬁs BRIrAGteg fkﬁ'h IrtHa bottom of
réaction vessels including any of, for exanple,

tﬁé éédﬂ%ﬂl\{g’%@g' {rITﬂL{ fo?rtnagfe? ?lfql.ufd[' %rfo"ﬁ?lﬁ(no%rﬂﬁéth@&é gFe used

age dr's ion co

TR TR TR T ———
R S Bl LR AU oo
falling droﬁ&ll evaporator, narrow fl ow phase reactor or

nyltisage cdistialians alumnasmulibubilant fegstor: Heartipous muitistage

Met hods using a colum-type reaction vessel are
distillation column, packed column, thin film evaporator, reactor provided with a

support inside, forced circulation reactor, falling film evaporator, falling drop
evaporator, narrow flow phase reactor or bubble column as well as
combinations thereof. Methods using a column-type reaction vessel are
preferable in terms of efficiently shifting the equilibrium to the products side,
and a structure having a large gas-liquid contact area enabling generated
water to promptly move into the gaseous phase is preferable. Although a
continuous method using a mutititubular reactor, multistage distillation column
or packed column packed with a packing material can also be used, since the

dialkyl tin oxide used in this step is ordinarily a solid, a method in which this
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20 preferable in terns of efficiently shifting the
equilibriumto the products side, and a structure

having a | arge gas-liquid contact area enabling

generated water to pronptly nove into the gaseous

phase is preferable. A though a continuous nethod

using a nmultitubular reactor, nultistage distillation

stay isrfirst carripd duéih achamkrtyqeamlaetiomwebsel follmuéed by increasing the
material can also be used, since the 25 dialkyl tin

coNiehe aisRaikyIntii idlkoxias iha ebiinwatypey reactiohi vessel is the most
met hod in ich this 79 step is first carried out in

prefefdbie! YRRnG kh@ﬂanﬁ%?&lialé Ghhp WA ub¥d ITBE tIee Fea&tio fessel

content of dialkyl tin dial koxide in a colum-type

abﬁaﬁésng{er a 'thé%)é o‘ogﬁom%ge cﬁ’étﬁh‘:érﬁ'ﬁl' Effecis | H%HSHE!F such as

for e reaction vesse

vid
SEKERVSE T e $@S§H§E 418 BSipeliie SEHAAE B Nesd prefprably
re i nexpensi ve and c e used prefera

Kb swauewemen?m%nadn?ﬁgwu#eﬁ@ éﬁ??%@etefs and
fIOM/neters and thernoneters, reboilers, s and
thermnraetess, gehageraepumécané!sccrfaev@ﬁafsjmaw% ABMgSEssary,
such as steam heating or a heater may be used for

ahkrawm gethed duah lasosteamehéatings ot b heater maydes usgd feoheating,

wat er or brine can be used for 10 cooling. (ii)

ahdad kpbwihi meffded ydt afkajrersolingi coldSvater (Bthrne3gan be used for
Al though this step is carried out after obtaining a
chbephgiual liquid in step (2), since it resenbles the

di al tin al koxi de synthesis step descri bed above,

yl
(ls)ubj I‘latkyl t(ﬁé(tglyg Fk%g f'é ?%Ul%gbgsgpﬁﬁe)’dl iSal ﬁt gltoegf(Z)
A e SR R S QURIER o
AR AT = T T
bgfé&?.%glgg ﬁrs(;tén{r amteg ﬁgg%&%p I son&%ﬁ the resupual liquid obtained
in step (2) and alcohol to a dehydration reaction to regenerate dialkyl tin
alkoxide.

Although alcohols in which the number of carbon atoms that compose
the alcohol is a number selected from an integer of 1 to 12, such as methanol,
ethanol, propanol (isomers), butanol (isomers), pentanol (isomers), hexanol
(isomers), heptanol (isomers), octanol (isomers), nonanol (isomers), decanol
(isomers) or the like, is preferably used for the alcohol, the same alcohol as
that used in the above-mentioned alkyl tin alkoxide synthesis step is used
more preferably.

The dehydration reaction is preferably carried out under the same

conditions as the conditions of the alkyl tin alkoxide synthesis step. The
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20 (isoners), heptanol (isoners), octanol (isoners),

nonanol (isoners), decanol (isonmers) or the like, is

preferably used for the al cohol, the same al cohol as

that used in the above-nentioned al kyl tin al koxi de

synthesis step is used nore preferably. The

dehydration reaction is preferably carried out under )
réaetios aige codipleteddohcentheadesined calkgi tinoalkoxidet sempasition is

tin al koxi de synthesis step. The 80 reaction is

otaindet ethanprogressignsof aleatdadtiohi canl &lssi de determined by
conposition Is ~obtained. The progression of the

m;egggﬁ{\&g?é%%cﬂhﬁ%f%t@%ﬁfraét@ado&yidemﬁé%tém, bhBy a method

wat er extracted outside the system or by a

ha [M2Te) - i pg st he i

ofFgor o5 Nl SEPTHTB (SR RTE 1 @3 B rocuce he

resent ,embodi nents ipn step. 1 j [
6k Bt 4 Brassnt coadmRNRGN sigbob B TERh I pampleted afer
composition in which the nolar ratio of tetraalkyl
cantiriag {hePRieANing ok Hie SOmRPSIRY in whietgihel POl Gt of tetraaliyl
contained in the alkyl tin al koxide co _os'ht iq?n . i
dialkaxyetistannoxane indialkyhim dialkexide saptaingd Naheialky inglioxide
range of from 0:100 to 80:20 when represented as the
compbsitier ohithittedf inbthehabevedmentioned rpaetien dmjthin the range of
the range of from 10:90 to 70:30. The al cohol used

froRY OPE(Rtd GOS0 Wwheherspreseited eae thie combirtesl neaitéy eff biogh, and
distillation depending on the case. It is preferable

r swithiphthef rdnge of FeRrho® RP¥6i30. e Tiw akehol used
rﬁdg?sﬁgﬁfgl?@ theI advarﬁngge of being able to reduce the

. . distikftfon dependin
RS Aol 16 (BRI Bleskf Hinay M fefolsid 1%y g pending
referabl e for r d ibl
ofji the G488 3£15a8i§3$@tbf§?%2%m§§érﬁdsg myithCo Fﬁagﬁl%hol as possible
disti]lation apparatus ed to, distil] off t .
sifog hist et dhe RaP RIRBe T AIng BbI IoiePIba B, the reaction
preferably used for the distillation appaltrdat I%'Si nce hod i
vegsels | ofndhey elbab sters. be ReBRNA LY @ KNGV} 'ifﬁ tigy gethod is

tine. Differing fromthe alkyl tin alkoxide synthesis
peaferabla forcthet ransoval epettiods andia keewaidistillationiappaxatye can be
used for the distillation apparatus used to distill off the alcohol. A thin film
distillation apparatus can be preferably used for the distillation apparatus since
it allows alcohol to be removed in a short period of time. Differing from the
alkyl tin alkoxide synthesis step, since this step does not use dialkyl tin oxide
generally in a solid state, there are few restrictions on the reaction vessel,
Namely, there are no particular limitations on the type of reaction vessel of the
dehydration reaction, and a known tank-type or column-type reaction vessel
can be used. A low boiling point reaction mixture containing water is

extracted from the reaction vessel by distillation in the form of a gas, while a

high boiling point reaction mixture containing the produced alkyl tin alkoxide or
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20 generally in a solid state, there are few
restrictions on the reaction vessel. Nanely, there
are no particular Iimtations on the type of reaction
vessel of the dehydration reaction, and a known
tank-type or columm-type reaction vessel can be used.
A | ow boiling point reaction m xture containing water

alkyl timalkoxides thixtucerist &xtraciad fioom thes botibmbgf thiesneaktion ivessel in
in the formof a gas, while a 25 high boiling point

thiee forin @ff anililid. e Vasiousi Kriowh thethpds dire atsedd forl sudna reaction
al koxide or 81 alkyl tin al koxide mxture is

vB¥dd a&ﬁ&@'aé fnﬁ’é‘ihbh@ L@mg{/a RAcEbn V_seRaREILBING VSRS BT, foNexample,

the formof a liquid rious known nethods are used

fs‘?i?nﬁg?‘féhka rﬁtﬂﬁ%lsbg %tl {%ﬁ'l'k’ d%ﬁﬁ%l cﬁfc&ﬁHﬁo ‘i‘ﬁxlllﬂétbﬁﬂ distillation

Sh v esser a9 el ng a or exa

i B B AR B e

react or nt| nuous, nmul ti stage dis atlon c
cg‘&mdth'rbirunﬂvanq{ﬁm rq‘-qﬁ?%rvﬁ i witr g, SuRcTh g froed
a support_ inside, forced C|rculat|on react or

cr%uilat% reagtar, efaﬂiperfﬁlfrbevanqatqr,n@"mgogrqquﬁtﬂf narrow flow
narrow fl ow phase reactor or bubble colum as well as
pbaswireactoores hubhie solumnatamuell asicombinalignsnthergple Methods
reacti on vessel are preferable in terns of efficiently
udibgshi Ebiunin-type espitionbvesse!t ard Ipeeferable cins termuke of aefficiently
a structure having a large gas-liquid contact area

sRiftiy tHW eganigriaheto WRé ProdGetdr Sid®! hild ' ¢Butliré Kdving a large
gaseous phase is preferable. A continuous nethod using

ng Wfﬂbfd‘ BHl*i’t'éEf"%r bﬁﬁg ggg@?&ﬁﬁ%ﬁtéﬂ't&tbﬂdﬁtlwmwe into the

m or pack e packi ng

éyhgsﬁai% @tré@%tgé rﬁp f@%ﬁﬁ@guse méhbangalﬁ eﬁomhétltubular

e reaction ves
I i nes pr.ovi ded,.t ot have nt al S
registe, miiGotage st bon 3ol 8% BekeH ol aofed ity packing
[ nexpen3| ve and can be used preferabl
mateiialds ipagictianypreierabigy| ng'}mqwﬁrﬂtgr@adn%?e used for
flow neters and thernoneters, reboilers, punps
thﬁ)ﬁ%ﬂ@@ﬁo\f@s&ﬁ&@rﬂellnwﬂwld@d feese Soangt, have ﬂ@twmﬁetah@ifects
such as steam heating or a heater may
materials such as SUS304, SUS316 or SUS316L are inexpensive and can be
used preferably. Known processing equipment including instruments such as
flow meters and thermometers, reboilers, pumps and compressors may be
added as necessary, a known method such as steam heating or a heater may
be used for heating, and a known method such as air cooling, cold water or
brine can be used for cooling.
(iii) Carbonic Acid Ester Formation Step (Step 1)
Although the present step is a step of reacting a dialkyl tin alkoxide and

gaseous carbon dioxide to produce carbonic acid ester, a previously disclosed

carbonic acid ester production process (such as WO 03/055840 or WO
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20 be used for heating, and a known nethod such as air
cooling, cold water or brine can be used for cooling.
(ii1) Carbonic Acid Ester Formation Step (Step 1)
Al t hough the present step is a step of reacting a
di al kyl tin al koxide and gaseous carbon dioxide to
produce carbonic acid ester, a previously disclosed
0£4/514a40pisiprefecably esedfopthisistep on process (such as WO
03/ 055840 or WO 82 04/014840) is preferably used for

t hi Fhetaigyl tibhglkakige! cdrposititm® supplicd imptiis stepnmeaypipé isegplied
inthis step may be supplied fromthe alkyl tin

frémRs eﬂl@sfl UIRESHE syhffes stePaatithatintd ob&tartup Rordfor tienalkyl
the al ky tin al koxi de production step of step (3)

_ . . on ddbtii ¢
tify Sk 06 THRRRLAT REFITHIER (o) BufingTéortRBus PRIRASR.  In
regenerating dial 4 | yst ri

2GR Rere T Bede LSl 2B ol KpPTRELHBRY o tep of
absorbed t.o the apove-nentjone {al kyl tin al koxide
reggneRIng aE‘HEWi' Eﬁg?@%ngﬁd?sﬁﬂge‘gkﬁaﬁf'n a mixture

cont ai ni ng a carbon di oxi de bound form o{i}'ﬁ i aék%g ti q

al kiixi this ~sleppugasrRPUSi CATBABNIINICS car] j Wist abserped to the
dial kyl tin alkoxide is reacted in the formof a .
abovasmentioned dialkylftior alkoxide to icquse aghemigakisiagtian agdpbtain a
the like. A method for obtaining a liquid by heating
mibgtuteseshtpindrigea daryont diomide bdvendifoamlofl dialkyl toxaldexident o
aliquid state. In addition, it my also be put into a

|i apidingtsdi@ chehlical resetivensai@rdialkgl fin ltkoxile ongitted in the
varying according to the tenperature at which 15 the

frPGL 4 ygu rGA'the E&n%f a iR WitR $54619e arid'the’ RS iDMmethod

IS pre rigb y within the Tange of normal pressure to
o B LB R SR V48 2066, o aBRTR o
o5 5 B0 Sl 5550 4 BETBECA S b st wan
s@?gﬁﬁggbﬁj&ﬁé{ ﬁﬂhﬁéugfﬂ %%'u%&/ a%?:é.ir&?ﬁg ttc|r> %Hes f’u(aell'rn'peiraic'tupeD 5? which
the reaction is carried out, the pressure of the reaction is preferably within the
range of normal pressure to 1 MPa and more preferably within the range of
normal pressure to 0.6 MPa. Although varying according to the reaction
pressure, the reaction temperature is preferably within the range of from -40 to
80°C, and in consideration of fluidity during transfer, is more preferably within
the range of from O to 80°C and most preferably within the range of from room
temperature, for example 20°C, to 80°C. The reaction time is within the range
of from severai seconds to 100 hours, and in consideration of productivity or
the like, is preferably from several minutes to 10 hours. A known tank-type

reaction vessel or column-type reaction vessel can be used for the reaction

vessel. In addition, a plurality of reaction vessels may be used in combination.
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20 the range of fromO to 80C and nost preferably

within the range of fromroom tenperature, for

exanple 20C, to 80C. The reaction tine is within the

range of from several seconds to 100 hours, and in

consi deration of productivity or the like, is

preferably fromseveral mnutes to 10 hours. A known

Sinek they peactior aonisists vbagehction between tarbenrdiaxitie dgas) and an
vessel can be used for the reaction 25 vessel. In

atladlitini alRoxidepdompositiyn Gfiquigpat i prefersineé o MAdredge Uk tontact
in conmbination. 83 Since the reaction consists of a

aréavetweeP 8e\g8s aﬁarlm‘iﬂ BY %r@ﬁsh@%é it uﬂéh‘?ﬂze in order

tin al koxi de Conposition (liquid), IS pre fera

%%%ﬁﬂﬁw% Féa%ns@ﬁtga%ggega éj@ﬁt‘ﬁ?eﬁﬂcﬁ?ﬁ %G ggcréd pg'&-ed for

Yy I ncreasi ng ace I1n o

% it %ok PGt ok GHRERG 0 sk SHerB8 R syispranner
2, e RS Ao dank i 2aglgp VEstal 10 sradale. 7 nithod that

_exarrple a method that increases the stirring speed
ingregesfethe: $iTing speed ior generates @in buphles instherliguid lsppisferable,
while in the case of a colum-type reaction vessel, a
whilehipd then gase safsa acolpaipkype ceiaction oressbhta methodnthiat uses a
preferabl e. Exanpl es of such columm-type 10 reaction
paeisexk bsluniraor plate kelunsieds preferabde. pl Bxamplglsusfrsuchpesiumn-type
using a bubble tray, porous plate tray, valve tray or

réautiohevessely #idt dahabe used iRAnWE dlate! ant wﬁeg Usie @%bubble
with varlous types of packing naterials such as a

fffizsﬁ@l‘oﬂls 8 dgﬁgew?a%bé‘iirdy' Slgﬁo@‘i’tle?-lc\:/gk/gﬂt tr%%nti%gkgd column

terl OC Xon "pac

i/ %%%%%\ﬁﬁ%‘%@“%&%%?&f 2“5@5""@5@3&4 Bih i resnig g,
'%%f‘n‘:qt S oo R calie, P RaddiS %%%QB% igdifaanon

SUS316L are_ | nexpensive and can be us
pﬁ?‘@f‘%r lipack,Sillrep macking, rMeuz%Rﬁq#nﬁhttheﬂW@} udithgugh known
instrunments such as flow neters and thernoneters,
madeials enay bewssd farthe ceaption vessel rand liresapeitedsthey do not
necessary, a known nethod such as steam
have detrimental effects, materials such as SUS304, SUS316 or SUS316L are

inexpensive and can be used preferably. Known processing eguipment
including instruments such as flow meters and thermometers, reboilers, pumps
and compressors may be added as necessary, a known method such as steam
heating or a heater may be used for heating, and a known method such as air
cooling, cold water or brine can be used for cooling. Since the reaction is
generally exothermic reaction, cooling may be performed, or cooling by heat
dissipated from the reaction vessel may be performed. Alternatively, heating
may be performed for the purpose of simultaneously causing carbonic acid

esterification. A known method using a jacket or internal coils can be used for
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20 heating or a heater may be used for heating, and a
known net hod such as air cooling, cold water or brine

can be used for cooling. Since the reaction is

general ly exotherm c reaction, cooling may be

performed, or cooling by heat dissipated fromthe
reacti on vessel may be perfornmed. Alternatively,

coeling mod hemfinhdhe eedctonedHeocarbba dioxide gasaind alkyl tin alkoxide
si mul t aneously causi ng carbonic acid 25

oeﬁtwgltfdrcaﬂp;ﬂibd t e veadiohhessses inidy del aGiftiedOlo the reaction
internal coils can be used for 84 cooling and heati ng

veBselr é‘%%rﬁfely THe ey B0 tgﬁéhe re@yfﬁ ttbNthe [eaction

al kox conp05|t|on upplie vesse

v@%é’el.beﬁ’l\ég pﬂnﬁ? dal%é? btehguﬁ;?fé‘at frBH] Vﬁﬁ?{i{t}y %298‘65{} %Fyof Flaction

rior to supplying e Teac

R SPHeIBL  DEoRMA o5 e Biedo P i Sxample,

1o can be determ ned by, for exanpl e, 119Sn- NMR
5&?@@\%@ %ﬁ' a reaction liquid containing carbonic

acid ester is obt ained fromthe carbon dioxide bound

f or MR, Argdctian liquid spriginiae camanie agidesierissekisingdrfrom the
to the nethod described below 10 Although the

cadwort dioxideohalind tore of diadkyd tintalkoxidé @btained ialove according to
tenperature is wthin the range of from 110 to 200C,

thenchethdd desdribsadselowr e is preferable for the reaction
tenperature for increasing the reaction rate, since

t hegthaughars @éactioh wﬁdﬁibdérﬂé%dcﬂﬁhﬁt thRARBLAGS tethfrature is

as decorrp03|t| on al so occur at hi g t enper at ur es

oA D LS AR SGTHAAGIPR Pt o
tﬂea%négﬁre@%ﬁs%tn% P bR Al 8 cses

fro to 20 MPa an referably within t
] 3t Sindekliable sPadiiong wech. a5 debhaoetion’ plso. octur St high
leted after the desired carbonic acid ester has
ofeRATaYTEE EaUSIgt Re deciRaseoriny Bld| ther tActieni tsmperature is

the reaction can be confirned
preferably within the range of from 120 to 180°C, the reaction time is within the

range of from 0.1 to 10 hours, and the reaction pressure is within the range of
from 1.5 to 20 MPa and preferably within the range of from 2.0 to 10 MPa.
The reaction is completed after the desired carbonic acid ester has been
formed in the reaction vessel. Progression of the reaction can be confirmed
by a method such as sampling reaction fluid within the reaction vessel and
analyzing carbonic acid ester formed by a method such as 'H-NMR or gas
chromatography. For example, the reaction may be completed once 10% or
more has been formed with respect to the number of moles of dialkyl tin
alkoxide and / or carbon dioxide bound form of dialky! tin alkoxide contained in

the dialkyl tin alkoxide and / or carbon dioxide bound form of dialkyl tin alkoxide,
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20 by a nethod such as sanpling reaction fluid within
the reaction vessel and analyzing carbonic acid ester
formed by a nmethod such as 1H NVR or gas
chr omat ogr aphy. For exanple, the reaction may be
conpl eted once 10% or nore has been formed with
respect to the nunber of noles of dialkyl tin
orkrk thé dmsandf desiringatoh increasex ithie yieldnof tarbonis agichiestgr, the
tin al koxide contained in 25 the dial kyl tin al koxide
redetlon riay Bar dsifpltetk bfier Aowiagftorsorihudi witit shid value reaches
al koxide, 85 or in the case of desiring to increase

obRCod hihd. Oh l&ﬂfvg’f rl%éi:ti%ﬁi bsRel ean bd@sed fdChieOrRatton hessel,

conpl eted after ow ng to continue until said val ue

ahf & Bﬁ@p‘nf-ﬁ;?eofed@ﬁﬁ'Vé%SEPBY‘@aﬁIﬁﬁ@bi RAcKER RlssEPBaDe used

used reacti on vesse a colum-type

reaction ssel or_ tank-tv. ciion.v ed..C

plsTERbY D AlfRER §lovd Mall A R bhofe st fhcion vessel
used for the reaction vessel nd ||ne ovi ded. t he

ap e Pravias i dnt a9t Beve delimpatal sitts maferals Slich as
SUS304, SUS316 or SUS316L are inexpensive and can be
SUSAD41S4S3 4 oy SURA NI A58 (RODANSIYEoA0R iABnbe | UREO RREfeyably.
instrunents such as flow neters and thernoneters,

Knetai precessipg remuipment inguding dnstruvagntsesusiidas) flgw meters and
necessary, 10 a known nethod such as steam heating or

trermeaigtersraebikery,spumpe andeampressommiap beraddechas hedessary,
such as air cooling, cold water or brine can be used

alkplowrr ARhEW subh v StaaMoReatingCoda Frelatsr rhap eaused féit legating,

(Step 2) This step is a step of separating carbonic

aﬁ&i%kﬁé\hﬁ 'm&thSl duih 4 Qﬁ_tddagn?,léolbiv?é{bﬁl of el cdrBe used for
ca fai ne

rbonic acid ester o n step (1) to obtain a
e|si dual liquid. A known nethod and apparatus can be
cé?&'gerably used for the separation nethod. A

(B) < CrPaniE A RS OTRETRIT L SIEs (RoBAY I eai dual |1 qui c
. eT%ti)st g{er;)e?s gystggtc%héepsagtiir}gb%taﬁ)honic acid ester from the reaction
liquid containing carbonic acid ester obtained in step (1) to obtain a residual
liquid. A known method and apparatus can be preferably used for the
separation method. A preferable separation method is separation by
distillation.
Carbonic acid ester and residual liquid are obtained by batch, semi-batch
or continuous distillation of the reaction liquid transferred from step (1). A
preferable distillation method comprises: supplying said reaction liquid to a
distillation still; separating carbonic acid ester from the top of the distillation stili
outside the system in the form of a gaseous component; and extracting the

residual liquid from the bottom of the distillation still in the form of a liquid

component. Although varying according to the boiling point of said carbonic
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20 or continuous distillation of the reaction liquid
transferred fromstep (1). A preferable distillation

nmet hod conprises: supplying said reaction liquid to a
distillation still; separating carbonic acid ester
fromthe top of the distillation still outside the
systemin the formof a gaseous conponent; and

aeid ester and préssure ethedenipdraiyoe df thiostephie vathtin ¢the cdngehef from
distillation still in the formof a liquid 25

réSmPRATIEratute t R WGNYFE Y20?E, 36 QO0IC ant Gihdke thtk| drédcases in
poi nt of said carbonic 86 acid ester and pressure,

vhhéh to%ﬁ%?ur%ilbiﬁeoioimt&rﬁ?éﬁﬁ& li§ tWet Féé‘uddlelld’zoo%cﬁfs at high

from roomtenperature tor exanple 20C to C, and
C o] f
tSHRERIAR' BRI 9 gkt m%ﬁ#“ﬁi%it‘&?é@ﬁa'% i eS46F ends up
er. at as_well as Gases ich the ca | G
BRI P83k e HeGiRS T erliBe iurs S yRldaBly within the
reactlon the tenperature |s preferably wthin t
rangRy Sfolromy PMotHRpaS RbHeatfoF &xample e&iﬁm o éé@ Et o Although
150C. Although varying accordl ng to the t%;“_ﬁ
varfing gceoring te hestypgnef earhpricaad estar aid tampenatye at which
step is carried out, pressure is generally from normal
s esda isecamiedentutc presspree issgereraliy frorm noomal presauieoto reiduced
productivity, the pressure is preferably within 10 the
pressyge cand irp codsifeftioh af Hrotletivity dthaosrespurd isrprieferably within
within the range of from 100 Pa to 50 KPa. This step

tl@é‘ﬁar‘@ @ﬂfl’foh?elogbpa\@bt% RPahgnd anss méféréﬁlm wi%lﬁ]théQange of
10 hours, and since there are cases in which tin

@W@U rF‘iaStd?QGt@é;edThlé %téﬂ‘@aﬁ %‘%drﬁ@d éﬂuﬂ Withir he J%‘?\ge of from

enatured or carbonic acid ester ecrease due

0"’9* P T HRuFE B s togrd e %a%gﬁd@aﬁ‘@é".i *'§3>°§#ﬁ%ﬁ15?§°°ntamed
: eaiﬂwfl?@@"rﬁamia?éemaﬁweﬁo& cyﬁw@q 5~ IPaY degrease

raneoffromO 01 to 0.3 ho A known distillation
y@ﬂma raverse reactignstthig ﬁt@pdséa@rm%wbat a high temperature Tor an
colum-type distillation still or tank-type

egtended parloghofdime | theaeabtionitime ip peeferabily withinthesrange of from
plurality of types may be used in conbination. Mire

00 eteablhours rend most preferably within the range of from 0.01 to 0.3
hours. A known distillation still can be used for the distillation still, a
column-type distillation still or tank-type distillation still can be used preferably,
or a plurality of types may be used in combination. More preferably, the
distillation still is a thin film evaporator or thin film distillation still, while a thin
film evaporator equipped with a distillation column or a thin film distiltation still
is the most preferable. Although known materials may be used for the
distillation still and lines provided they do not have detrimental effects,

materials such as SUS304, SUS316 or SUS316L are inexpensive and can be

used preferably. Known processing equipment including instruments such as
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20 distillation still is a thin film evaporator or

thin filmdistillation still, while a thin film
evaporat or equi pped with a distillation colum or a

thin filmdistillation still is the nost preferable.

Al t hough known materials may be used for the

distillation still and |lines provided they do not have
fldet meterst ahd ¢hémmometersatrebaibErs, puripsazndUsBlpresSUS3May be
or SUS316L are inexpensive and can be 25 used

afted eisaiddessEAL Wrkrivwat ARsthod seahiagnstobm nedting oga heater may
i nstrunments such as 87 flow neters and t hernoneters,

bECRRd RirhedlMEPaNANS KRBWRY RIEHNSE sUBY dRCair 8BREg,36old water or
necessary, a Known nethod such as steam heating or a

bAR&ah sedfor&pbfing 0r heating, and a known net hod

?uch aslalr cool1ng, cgld water or brine can be used
| narEBuaR2 g, RSB, ddiErbibr B2 iiRREU e ifiple of

using a dial kyl tin alkoxide catalyst, deactivated .
PIAYRG, PIIADIGIPSKSRIST Hiang) % Siaod tinaplkpyde catalyst, deactivated
generated during the process of said carbonjc acid
farmsepf e diatkl ¢ akaxidedeatalyst are gensrated sluringethe process of
di al kyl tin alkoxide catalyst gradually accunmulate in
saitecarbanic acid stercprogeiction. pbaidudeadtivatesl formsaefibei dialkyl tin
acid ester is repeated, and may cause a decrease in
alkoxideceathlyehgradatatly accamdiate dathe feactiorisyste asthepiraduction
acid ester. Thus, it is preferable to partially

of ¥hftisHic bR 688D aS idpeitedf antk Atdy y@idafdyoreasy int the reaction
di al kyl tin al koxide catalyst fromthe reaction

q 1 L= | - H
ratéSHEY) Meé??‘?@%@tﬁmfg@gbwc hiin edtbp! YRiud riewm ?ﬁéfé_rable to

conposition o _ orns. Regeneration of said
i . . .

PRI Ertis R o mRETh ot et Totls B B ey in alkoxide
a /. .or ep . There are no particular.lim ' )
cBfpiyst St Peartian, P GoRi coderiitols SHIGL tn Bl B saic
forns _extracted fromthe reaction szstem I n, "
caawosition, of ndeactivated fepms,o F3egenanation | ofsaid compasition of
the amount of deactivated forns of dialkyl tin )
deactivated ferons isi preferablyscarded omb fallawing the abewemeniiongd step
forns.

(2) and / or step {3). There are no particular limitations on the amount of said
composition of deactivated forms extracted from the reaction system. In
addition, there are also no particular limitations on the amount of deactivated
forms of dialkyl tin catalyst contained in said composition of deactivated forms.

Deactivated forms of dialkyl tin catalyst extracted from the reaction

system are regenerated as dialkyl tin catalyst according to the method of the
present embodiments as described above, and is then used as a catalyst for
producing said carbonic acid ester. The regenerated dialkyl tin catalyst is

preferably recycled as dialkyl tin catalyst of the above-mentioned step (4) and /

or step (1).

88



10

15

20

25

20 Deactivated forns of dialkyl tin catalyst extracted
fromthe reaction systemare regenerated as dial kyl

tin catalyst according to the nethod of the present
enbodi nents as descri bed above, and is then used as a
catal yst for producing said carbonic acid ester. The
regenerated dialkyl tin catalyst is preferably

r ecFeGed showdi alflow chamn afa atodified predess for producing carbonic
above-nentioned step (4) and / 25 orstep(l). 88 FIG
adidSEstap tiatl tombimieara prbesss it prioddcipgocarbdnicoacid ester and a
produci ng carbonic acid ester that conbines a process

. a . d :
pfﬁeg@rﬁuﬁgd%cgﬁ%%éik?ptﬂ ohfPoLmidS é’ccdﬁdlﬁ?e&ﬁ ther present

pr oducl ng tin”compound, according to the

eﬁ{b%?ﬁﬂ%?ttse n‘%%d‘ifvgg ;Péviﬁ{y“@éscgfb%‘di QUSHY adﬁﬁ'ﬁ?g gﬁfqhe &llaction

ion o e reaction 77 qui d extrac rom

V3 ey e 0 A1 OB 85 ol fiy rocuc

mat eri al_ of the present reaction. (,n I a .
cRmabis acid teytis dlsesias, hedaw *%P?gﬁ%}/’k?ﬁe'mfﬁacmn (namely

catal yst). Although it was revi ously stated %@Pat )
areemposition fi deactivatadaforms oh digley tirpcatalysty QHS@“ it was
liquid is used as a conposition of deactivated forns =
previously ptabad thatentesitiueckiquid is ob@ined in stepné2), shig residue liquid
above-nmentioned step (A) is carried out since the

idiigddkss at dompaodition iofl deactditéd forves obtheopreseacémibodineent. At
production step is an al koxide in which the group

tHis e ! B aBBvalnkehiicicauBtepo YRy is @alriet abit reiiey tissl digtkyl tin
the present enbodinents is an al koxi de group, and

in

Bl At s iy s i v
o ey 540 AR ot BAE 3 B8 15 o et
B RN e R 8 o BBy et B of s
bl Sgous: vl o b a5 1o, SRS and

are renoved outside the systemin the form of gaseous

cathoxyhieacisl esier are produced as by-products when step (A) is carried out,
said by-products are preferably removed in a suitable step when carrying out
the above-mentioned step. More preferably, said by-products are discharged
outside the system while carrying out step (A). Alternatively, said by-products
are removed outside the system in the form of gaseous components while
flushing from the system for the purpose of cooling the reaction liquid following
the alkyl group redistribution step. As was previously described, in the case
of using an acid when carrying out step (A) in the carbonic acid ester
production step using dialkyl tin alkoxide as a catalyst, there are cases in which

water is formed as a by-product, and since there are also cases in which raw

materials and / or products are hydrolyzed during the reaction resuiting in the
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20 flushing fromthe system for the purpose of cooling

the reaction liquid followng the alkyl group

redi stribution step. As was previously described, in

the case of using an acid when carrying out step (A)

in the carbonic acid ester production step using

di al kyl tin al koxide as a catalyst, there are cases in
fovmation ofea solid sofnpomedt, amrboxyic Eoidl anhydridwl isspreferable for the
there are also cases in which raw 25 materials and /
coOmpundUbas i readted (atidzast doritd ahbydede) | an addition, in the
resulting in the 89 fornmation of a solid conponent,

c696 P ¥¥AdthoPEh GoRNANEYAriiR, Icarbh§die i ésféi’rorfdﬁ?htmg from said
conpound that is reacted (acid and / or acid

<SRk, ol AL 19 A SECS BfpigAEl) gyt
A A SRR ARt oo
i e o o R 98 ol o

Fol | owi ng conpletion of step (A),. the alkyl gro

of stapstA; %m Aty graupx fqﬂlﬁtabuwe rm@@mf t@ﬁtmes%trﬁ@boqi@ents
carried out by heat treatment. Next, in order to ]

i earyiet eout by heatdrastmentii aNext, in prderdo rrpoyniel the resulting dialkyl
catal yst of the carbonic acid ester production step in

tih o asod chtadysti ofl thigl carbonial &eidiebter produotion tstemtin the
of the dialkyl tin conpound is converted to an al koxy

faHrP P the fdlélk?luﬁﬁtalkmlé S0fLRtIAIEM ST PR GRIKYE rt"t'lSc@n‘lpound is
substituent to an alkoxy group using a known net hod

céﬁ{%r{l})‘jcf h§ dﬁahfkﬁgg gorgﬁb e’FﬁEpE@bstﬁ‘uérﬁ c&We?élBh@e?lconverts a

tin oxi y carryi ng out t above- nent i oned
by 0 B APy Bt v
Fpgkiéﬁ@ e o ARt itainyty L@M i Sodde By @Eﬁ@é' S e

é urlflcat|on ste the like m be
G%HTEFWOQGQ@‘%H Do am?dlsow@m $en explajacd below IS carned out
Al koxyl ation Step (One Aspect of Step 1 2 ) This st eF ]
onsaid dialityl din exide tto miptain arhalkyliin lal resulting alkyl tin

cont ai ni ng
alkoxide is then recycled to, for example, step (1) or step (4). A purification

step and the like may also be added in addition to that described above.

Alkoxylation Step (One Aspect of Step (I-2)}

This step is a step of reacting alcohol with the composition containing
dialkyl tin oxide obtained from the previously described steps foliowed by
removal of water generated as a by-product outside the system to obtain
dialkyl tin alkoxide. This step is carried out using the same method as the
previously described alkyl tin alkoxide synthesis step of obtaining alkyl tin
alkoxide from dialkyl tin oxide and alcohol. Namely, this step is carried out

using the above-mentioned composition containing dialkyt tin oxide instead of
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20 dialkyl tin oxide obtained fromthe previously

descri bed steps foll owed by renoval of water

generated as a by-product outside the systemto obtain

di al kyl tin alkoxide. This step is carried out using

the sane nethod as the previously described al kyl tin

al koxi de synthesis step of obtaining alkyl tin

using ahialey tir oxidel fairl thelrawi mateciale and al cohol . Nanel vy,

this step is carried out 25 using the above-nenti oned
conpeswas previousinidesodbel, aihod tHe alkpixgrdepiradistritsutioh reaction
90 using dialkyl tin oxide for the raw nmaterial. As

of'fhe preS¥herbydmess idaA eqaillbfitnt Raclbl ¥ndB24¢d on the typical
redistribution reaction of the present enbodi nents is

@Pe‘?ﬁéﬂ bt Bh! dbiliHR 'r?é‘%tﬁ?ﬁ r%ﬁ?ééﬂsftll‘bg F?ﬁ@%g'b&.@%m reaction of

operties of "an equi group

9*&%%%?%&%03'%%“"% HeTae e G SEb R L E“Eﬁ“bﬁmed"fe

S Tl e e LI o s

accurrul at ed and / or concentrated to a hi
deagiivatrd ferneh h@werb%eehrﬁ&pemuéateérﬁi&/tqroepmentrated to a high
deactivated fornms in which the content of deactivated
congantration (fwn example, rrusdbepositionl afy deagtivated feymel in which the
the 10 tin atomof the alkyl tin conpound is a numnber
caritbef of deact®ated formss prewhichahelmumbert afl alkyligreupe bound to the
noles of tin atons of the alkyl tin conpound contai ned

tin Btdr ef e aRGH tihicompdundeidd himbet otterthan2 witle respect to the
di al kyl tin catalyst, when represented as nol% is 10

tot n@rﬁﬁer”@f fholdy Ef fih &ltbens 3 B! AR\ inBoRpBIAd 'Edhtained in the

preferab y 50 nol A)or rmre Nanel y, after having

8&‘&89 t% ﬂ{l& g)gqﬁé ecflaik ﬁr{‘ sagaysﬁ,oﬂhgpqghpesented

r pro on S condl 1 ons

e
d e t hi
aﬁ?ﬁ‘?ﬁ V?‘%Cﬂweﬁfa@{ ol B oot FonesehEimore
S A A ekt B oric ok
present invention (see WO 2007/097388), conpone
e%iehtrathﬁ eRfbonis awd@sten preduetiom Big yndssrrongitiansestich that the

deactivated forms are within the above range, or after having recovered active
catalyst from the composition of deactivated forms according to, for example, a
method previously disclosed by the inventors of the present invention (see WO
2007/097388), component containing the composition of highly concentrated
deactivated forms is used as the composition of deactivated forms of the
present embodiments, thereby making it possible to use a diatky! tin catalyst
extremely efficiently by adding the steps of the present embodiments.

Carbonic acid esters obtained in the above-mentioned steps can be
preferably used as polycarbonate raw materials, isocyanate raw materials,

other chemical raw materials and as electrolyte of lithium ion batteries and the
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deactivated forns of the present enbodi nents, thereby
making it possible to use a dialkyl tin catalyst

extrenely efficiently by adding the steps of the

present enbodi nents. Carbonic acid esters obtained in

t he above-nentioned steps can be preferably used as

like yAecdrding to thisvpmacess, since diatikyy finatadalystvcam ber iegeperated
25 other chem cal raw materials and as el ectrol yte of

filon bieaotivated Hatrhe of eftalkyidint batalits thatewercpravibusly tiscarded,
this process, since dialkyl tin catalyst can be

the groisIERiscOf cbsPBhdoRasteVimt Bk bfsdUntioh shoabsy loftddtbonic acid
catal ysts that were previously discarded, the

ysts _ N
BRI P SRR, Ty eCplcRehl T AH S, FRUBKRAY Swremely

: A5 invention is industrially extrenely 5
'rﬁh‘gort ant. Exanples Although the follow ng provides a

nore detail ed explanation of the present enbodinents
t hrough exanpl es thereof, the present enbodi nents are
Ei)l(o rl]iﬁé%l imted to these exanpl es al one. Furthernore,

Am | ytical nmethods used in the present enbodiments
are as indicated bel ow. <Analytical Methods> NWR
AnalAlbiosgh sthep fallewing: poavides4 G0 rrareNviRiailest explanation of the
manufactured by JEOL Ltd. (1) Preparation of 1H,
plexent embatiaéntsNbiFoughakyampleSdhptes!, theqereséntlembodiments are
sanpl e solution are wei ghed out foll owed by the

natlifnited to trifseabaimiplés alghedf heavy chl orof orm (Al drich
Corp., 99.8% and 0.05 g of internal standard in the

f haghani ; :
or 'F'u%ehﬁbf@"ig:.b é(rgaolﬂ\ﬁall (()M%iffbdeulﬁlaféﬂ}? A& Present embodiments

| ndustries, Lt ade and using the

athhd %Jﬁéiemtfé?&n.’sm ution as an NMR anal ysi s

<Analytical Methods>

NMR Analysis

Apparatus: JNM-A400 FT-NMR system manufactured by JEOL Ltd.
(1)  Preparation of 'H-, "*C- and ""°Sn-NMR Analysis Samples

About 0.3 g of sample solution are weighed out followed by the addition
of about 0.7 g of heavy chioroform (Aldrich Corp., 99.8%) and 0.05 g of internal
standard in the form of tetramethyl tin (Wako Pure Chemical Industries, Ltd.,
Wako Grade 1) and using the uniformly mixed solution as an NMR analysis
sample.
(2) Quantitative Analysis

Quantitative analysis was carried out on the analysis sample based on a

calibration curve prepared by analyzing each standard substance.
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sanple. (2) Quantitative Analysis Quantitative

anal ysis was carried out on the analysis sanple based
on a calibration curve prepared by anal yzi ng each
standard substance. 25 92 Exanple 1 Step (1-1):
Production of Dialkyl Tin Catalyst 627 g (2.7 nol) of
di butyl tin oxide (Sankyo Organic Chem cals Co., Ltd.,
Japdanapld 12000 g (22.7 nol) of 3-nethyl-1-butano
(Kuraray Co., Ltd., Japan) 5 were placed in a 5000 nL

vol gtep (1-d):rPriduehien ef DidlkdTin Tagaljttask was connect ed
to an evaporator (R-144, Shibata Co., Ltd., Japan) to

le . L] .- R
| @2’7\’\@%2.7998!)Qﬁ_tcﬁﬁhtglnurp?%ldqut%g&gpr?ﬂmc'\@ﬁéﬁﬁ:aIs Co., Ltd.,

Cor p. apan) equi pped w ature controller,
JEpHF AT 28001 (7,2 HbY & et 1oyl Rk Aty To. /B pan)
...Ih 19, val tlet t hi t
W8 Wy OB 200, TR WGPl g ShebPlkGaaT e Hask was

fl ow t I . Af | 0sj h )
CORFTRCH IO W vaBEHtar R 144, Slabalee Con.auBurLoharsi taawhich was
system the purge valve was opened gradually to allow
Cﬁnﬁe@g@namoo'f |tzﬁ%hi (PBHt2b Masudam o8P+ olanan) t eqyippes| with a

pressure. The oil bath tenperature was set to about
tempaatunee contasliernas vaouemspdmpn (E+#0A Ulves bwt,hJapan) and a
rotati on of the evaporator was started. After heating

vacuuralsomtrofler (WEAMDS; Vkand Seigakaskeo Go. oL tdat Japgm)er The purge
pressure nitrogen with the purge valve of the

vanarsutiet of thisevapBrilor Was idonhakiedtod line containing nitrogen gas
3-met hyl - 1- but anol contai ni ng water began. After

f'ﬁﬁiﬁ; ?ﬂé@%@?ﬁliﬁegﬂr& ShfkF cgagfr{gtzthté%r?e e Bfth%ee\{ﬁo;&tor to

pressure I nsi e systemwas gradu
o Fieaa i TR, Sleehl She Ruirie VNS o e gragyely to
aﬁg'w nitrogen to flow into the system and return to normal pressure. The oil
bath temperature was set to about 145°C, the flask was immersed in the oil
bath and rotation of the evaporator was started. After heating for about 40
minutes in the presence of atmospheric pressure nitrogen with the purge valve
of the evaporator left open, distillation of 3-methyl-1-butanol containing water
began. After maintaining in this state for 7 hours, the purge valve was closed,
pressure inside the system was gradually reduced, and excess
3-methyl-1-butanol was distilled with the pressure inside the system at from 74
to 35 kPa. After the fraction no longer appeared, the flask was taken out of
the oil bath. After allowing the flask to cool to the vicinity of room temperature
(25°C), the purge valve was opened gradually and the pressure inside the
system was returned to atmospheric pressure. 1173 g of reaction liquid were

obtained in the flask. Based on the results of '°Sn-, 'H- and *C-NMR
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to 35 kPa. After the fraction no | onger appeared, the
flask was taken out of the oil bath. After allow ng

the flask to cool to the vicinity of roomtenperature
(25C), the purge valve was opened gradually and the
pressure inside the systemwas returned to

at nospheric pressure. 1173 g of reaction liquid were
ap8lysbsai e, 3-tettara-Hutgs k1, 3Hais dmethylbetyloxy) | distamhoxane was
119Sn-, 1H and 13C-NMR 93 anal yses,

conflinded o hhve beehushthined, a- -Diyield ofeDhY bhaséd baxdibutyl tin oxide.
di stannoxane was confirnmed to have been obtained at a

The&ldin@brYuRa9RE tABN Fpedisl 19 e té!8btain BRo&RBE10345 g of

procedure was then repeated 12 tines to obtain a total
1 3503 EpBlyt Sl metloutym distenpexanes,

nci BB L5 Fredlilhut 001 Cashlio Al el TN Regeuery of
CHPRRNER &Bég%tyﬁlwﬂ ﬁé’autggﬁba@ﬁﬁﬂ Cafaitti ue 11 ke
tlh?t@srg%météqu #SIﬁ!t\yas Praslugiesl ip-ansontinwansy pdyrtion apparatus
di st annoxane produced in the nanner described above

livesthatipphavenl it RiGe 2.0 rial 8, Bfetadsbutyl-1/&-bis(Bmeathylbutyloxy)
transfer line 4 into a colum-type reaction vessel 102

distarireckanet proffated itethe em@inéladesatbddSaboee Wasesupplked at the
Ltd., Switzerland) and having an inner diameter of

rake bof W:BBQ@I Rf fréft & Yr%n'sﬁ?gl'hb Lint® BLdIIMN-tPPE reaction vessel 102
3- et hyl -"1- but anol purl d wwth a distillation colum

o 8 008 Y Y POyl KA1, g an
héfﬁﬁééf? &%ff@?*ﬂé%gomﬁa P a&%%@%%y&ﬁ%%@%ﬁ% and
0. kP . T
3Pagh ab—i@tﬁmﬂﬂrﬁ‘eﬂhﬁ 2 Aistilafiopt 6alumn, 0¥ s, supplied at the

m nut es, -1-butanol contai ni ng water at the

ra}tﬁt@‘ 614951?5@3# fg’ om aftransiendineod of hetligwiq dempegature inside
vessel via a transfer line 6, and 3-nethyl - 1- but anol

regctiphevassekb 102 was 8ostrglled to 160831‘1:&(93 heater andeereboiler 112,
punped to distillation colum 101 packed with
and the pressure was adjusted to about 120 kPa-G with a pressure control
valve. The residence time in the reaction vessel was about 17 minutes.
3-methyl-1-butanol containing water at the rate of 15037 g / hr from the top of
the reaction vessel via a transfer line 6, and 3-methyl-1-butanol at the rate of
825 g / hr via feed line 1, were pumped to distillation column 101 packed with
Meta! Gauze CY Packing and provided with a reboiler 111 and a condenser
121 to carry out distillative purification. In the top of distillation column 101, a
fraction containing a high concentration of water was condensed by condenser

121 and recovered from a recovery line 3. Purified 3-methyl-1-butanol was

pumped to column-type reaction vessel 102 via transfer line 2 located in the
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Metal Gauze CY Packing and provided with a reboiler

111 and a condenser 121 to carry out distillative
purification. In the top of distillation colum 101, a
fraction containing a high concentration of water was
condensed by condenser 121 and recovered froma

recovery line 3. Purified 3-nethyl-1-butanol was 25

hottope of tdistdlationTodlyps 1@k ctAn @ikt dinealkogidlevcatatysh eofmposition
line 2 located in the 94 bottom of distillation
coptalningl0l. An @ibicputyl-bis(dirkethylbatyiakyl yst contiesition and
cont ai ni ng di -n-butyl-bis(3-nethyl butyloxy) tin and

1113, Riclrd-AlBiy(Or, BLEIY(3- r%eMtﬁ?l%x?)ﬁ&BldrﬁiMhéWés obtained from

di 'st annoxane was obt ai ned from e bottom of

T A, I ) 08 HOEM B o
seheraf 18R CEEHrk 5. 3. Jen s gt e 5
B e e

transfer line 4. The al kyl t|n al koxi de cataly

reisiped ite icoMAadYPS lﬁﬂ%@@'\‘ vessel H@2bwﬁt%rﬁoafiea$ﬁzrn12$4 transfer
evaporator 103 via a transfer line 7 and 10 supplied

line QranditracisterelinkD4. wineeaby] tint alkgxidaecatalyat compasition was
di - n- but yl - bi s(3- et hyl butyl oxy) tin and

punip&d frotrethieabottolmuidfy thin filnevapdratet MPBbvia\d trapsfer line 7 and
di stannoxane to about 5130 g / hr. Carbon di oxide was

stpphéd edot Oah hea@tut:lavéavmdoy vhile aadfustingi Nhe9 fdwt heate  of
rate of 973 g/ hr, and the pressure inside the

LRGP ﬂ"?rﬁetﬁ?gﬂfy‘f’?@?d at 4yfNPa- G Ty 15 1,1.3, 3 Hetra-n-

t enpe atu e Ins aut ocI ave was set to 120C,

T SRR RyoRE, Bl o"?S%“éﬁé {3500 ﬂf Cafbfm
c@tlg;%(ugx Iﬁ\gazs. g@gﬁpﬁﬁﬂ tﬁg% %&Iﬂél%% ﬁy Wa‘ Eg 0% tthteorate of 973 g/
bi s(3-net hyl butyl ) carbonate. This reaction, |i Mii__’v\%

hey angftae RIS las@sc@feb@wipsk@wso\ﬂaﬁ aaintained ah 4,MPa-G. The

transfer line 10 and a control valve to 20 renove
tempenture inside theliaatoclaye avas sebta 42008, thexesidenes time was
recovered froma

adjusted to about 4 hours, and a reaction between the carbon dioxide and the
alkyl tin alkoxide catalyst composition was carried out to obtain a reaction liquid
containing bis(3-methylbutyl) carbonate. This reaction liquid was transferred
to a decarbonization tank 105 via a transfer line 10 and a control valve to
remove residual carbon dioxide, and the carbon dioxide was recovered from a
transfer line 11. Subsequently, the reaction liguid was transferred to a thin
fim evaporator (Kobelco Eco-Solutions Co., Ltd., Japan) 106 set to about
142°C and about 0.5 kPa via a transfer line 12 and supplied while adjusting the
flow rate of 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy) distannoxane to

about 4388 g / hr to obtain a fraction containing bis(3-methylbutyl) carbonate.
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transfer line 11. Subsequently, the reaction liquid

was transferred to a thin filmevaporator (Kobelco

Eco- Sol utions Co., Ltd., Japan) 106 set to about 142C
and about 0.5 kPa via a transfer line 12 and supplied

whil e adjusting the flow rate of

1,1,3,3-tetra-n-butyl -1, 3-bi s(3-net hyl but yl oxy)

@h thenstbearando tBé emparatk@Biesidlie was ciclated ta column-type
fraction containing bis(3-nethylbutyl) carbonate. 95
réBcticreveddes 11 02avd trariaferchifd 28 adridoiransfer tine 4'vadile adjusting the
circulated to colum-type reaction vessel 102 via

fFoWFh‘%&edf 1 H@sAét{é'émyLi ANSEE-metMAbdtyldky} Bistahitédndto about

| ow’rat'e

4g;s§t§ 3 ELT A o B @%éshgmg.) carbonate was

nnoxane to

TP R it hﬁnﬁﬁ%&ﬁ%@?b@ﬁwnﬁﬁﬂ v2p %’éﬁ'ﬁ%ﬁﬁg and

CY. pacKki n eq ped wwth a reb er 117
eaenﬁv@qﬁwﬁfzfp 157 1D BRdchsandahast e ia 4 Fapdnser 126.and a
14 at the rate of 959 / hr followed by distillative .
tramsferi ling: idratitbe rate of %5999 ithys fellewed rayt digtilativg purification to
carbonate froma recovery line 16 at the rate of 944
aptdin 190, wif duis (Srmethyiyutyl) icarkonade ifben @aegbysry line 16 at the rate
conposition of a transfer 10 line 13 was anal yzed by

of BAdng ./ Hit+ Vdheh & ailyR tianalkyside , catalysbisompositiohwof a transfer
contain

Ililae 113 whd 8haRzEad Wit YPSA. 3 shd-"PEINMRLHANIVEMSY It was found to

di st annoxane " but not contaln

c%faﬁ'n b‘i‘t1yt§ k}bﬁé?h '?Hfsgé Soeth Bhﬂflo t&fsté?ﬁ#cfx&hﬁgbut not

ove nmen IOﬂEd C ntlnu us “operati o

°§R%E'is?ﬁ%ﬁ%@*%@ﬁ%*bv@wmwwext BBt D ¥aving yout the

h )
aboye Fettariaccotinigs opesalion for. doaut, 240, hovesc kvl tin alkoxide
di stannoxane produced according to the above process

catalys) siampasitian wiasextasted frae ay extractien fine d6ont thegade of 18

/ hr, and about 120 g of a catal yst conposition of

g1/ 1313 Bai-tedrannibhutylt 1. 3-bis(Baethy, gkyudistannoxane produced
di stannoxane was extracted fromextraction |line 16.
agsorling tuthe albovnptocess was duGSiedNNdtn a fecalihg 1 Drat tive rate of

20 contai ni ng about 60 wt % of
18, 193, 3- tigt r aarfitt b@bout 1, 2001 ¢ 3-dfet Y| SathiysP X Yoomposition  of
1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy) distannoxane was extracted
from extraction line 16. As a result of analysis by "'°Sn-NMR, in addition to
containing about 60 wt% of 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy)
distannoxane, tri-n-butyl(3-methylbutyloxy) tin and a plurality of NMR shifts of
deactivated components of 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy)
distannoxane were observed at from -240 to -605 ppm. This catalyst

composition was used as a composition of deactivated forms.

Step (1-3): Separation of Tri-n-butyl(3-methyibutyloxy) Tin
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di stannoxane, tri-n-butyl (3-nethyl butyloxy) tin and a
plurality of NMR shifts of deactivated conponents of
1,1,3,3-tetra-n-butyl -1, 3-bi s(3- et hyl but yl oxy)

di st annoxane were observed at from-240 to -605 ppm

This catal yst conposition was used as a conposition

of deactivated forns. 25 Step (1-3): Separation of

Tr i -12Mgof te compbyitiontofIdeagjivated fosbs dDBtainedin step (1-2) were
conposition of deactivated forns obtained in step

tiahsPorredte a 500maL geardhaped k. MA firec-vaapaldef hadiktillation
A three-way valve, a distillation colum packed wth

dolrhRasschEY WAtrATHEIFRRRUNON D 4nd hbasufitgds ch in length, a

fract| onation head equi pped with a- refl ux condenser

I
(RA0Ranaf neagedlidped e Rl SBiHBhyS ohadied fo 4 distitate
I th
c%ﬁs%?anéé% Femiiteter e Al ﬁ‘?@@‘%’ﬁn @@datg‘é%%@ of the
VGEPeb PR PR S BORISbGE @ ABCUNTanahe Z0regeriedde the
the pressure inside the vessel was gradually reduced
V&ﬁﬁe't was detined da atowpsehens progsuse and Reollaskewagnieymersed in
the tenperature of the conposition of deactivated
dropitsbathehedted twbaboutl 800°CFi Aftel abodt 200 Minwtesn thepressure

term nated when the pressure inside the vessel

inside the vsset wasOgradeomlly Tedudéd tand tiee distitled axinpanents were
inside the flask were subjected to 1H and 119Sn- NVR

réEe\Ete8 "WREn fﬁ@etQhFétdtur@ of th@scomilgosmon of deactivated forms
tri-n-butyl (3-methyl butyloxy) tin he resi due inside

rtindg 280t PEOR TPy deflethiy s S
g 1P 5R88: 5@#“8@’1&‘& 303 " O s i sy insice
166 JBER o éigom g 1 Q@e@ﬁ”@aﬁ{"@?@n@“%ﬁ?@ uﬂ‘aena'st'"ate

distillate an resi_due inside the fl ask.
Waise fi-putyl(3- SI%BY’PFWE?W) IR h e reidieq iiRgide fthe ifaek contained

Deacti vat ed Forns of )
76.5 wt% of 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy) distannoxane, and

according to '*Sn-NMR, was a mixture of organic tin compounds containing tin
atoms demonstrating a plurality of chemical shifts at from -240 to -605 ppm.
There were 25.5 g of the resulting distillate and 94.0 g of residue inside the
flask.

Step (1-4): Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst '

24.7 g of tri-n-butyl(3-methylbutyloxy) tin obtained in step (1-3) were
placed in a 300 mL pear-shaped flask under a nitrogen atmosphere followed
by the addition of 34.5 g of acetic anhydride (Aldrich Corp., U.S.) and stirring

for 1 hour at 25°C. When the solution was sampled and subjected to analysis
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D al kyl Tin Catalyst 24.7 g of

tri-n-butyl (3-nethyl butyloxy) tin obtained in step

(1-3) were placed in a 300 nL pear-shaped flask under

a nitrogen atnosphere followed by the addition of

34.5 g of acetic anhydride (Aldrich Corp., U S.) and
stirring 25 for 1 hour at 25C. Wen the sol ution was
byagad ebiroamatograyhyc isedntyd asetdiy was caffirmedytshave been formed.
chr omat ogr aphy, isoanyl acetate was confirned to have

Aofradtidrastivcheadfeduippéd anth a esflinceohdensep rednected to a distillate
refl ux condenser connected to a distillate collector

caNEctdr BRardTHERMdMateF fefd HRASOIRSH tPtHadK, @pl, afit Feplacing the
after replacing the 1nside of the flask with nitrogen

ihdlg@ of e H%%W@hﬁi{rﬁéén Ye'S VAR Sftel sk Wad ’m@aeks??é&in an oil

heated to e pressure 1nside the vesse

radual |y, r e and the.isganyl acetate
B RERted i S tEe T BRGheLlE insife THe vBSS s ARG TRauced
of resi due inside the flask, Wen, the resid .
A fiedreamyipontate s Sxess Akic ABRVHrdRuers dfsilled 3 to obtain
residue was determned to be tri-n-butyl acetoxy tin.
2208 gnot agesiduerinsidadhe dlask. gVihen the residug wascsitiesieddo H-
76. 5 wt % of
and1 | '3S8-NMRr maasbrament] , theblesidiersasyteteryingdy jo be tri-n-butyl
di st annoxane obtained in step (1-1) were placed in a

doefoxyltimet al pressure vessel (Mdel TSV-N2, Taiatsu
Techno Corp., Japan) followed by adding 150.0 g of

acetdf thHehwiierd@anad 93521 §roNdhe TRRidIRE FonRIiIBIAGUTE.5 wit% of
vessel was then imersed in an oil bath heated 15 to

d
1?9,@%—?&%—&%&3%?1 ,?—‘yis(@»—rh?ﬂftygot%tﬁékﬂ dithimh:Rhe! BBtdifédlin step

pressure vesse Ccoo cinity of room

t ) 2 ‘
QFINE 3! Hated §P3 S0 PR meldbrEREE sl [fodel TSV-N2, Taiatsy
ractiQnati qn_head .equi pped i th ef | yx_cqndenser .

Tehfe oaD-« dhnrt ubreat BY st (1500 of ‘o iR, BhRNdice ana
were attached to the flask and the .inside of the gl sh
SHEENG: e p) Nex BtEtR); RrESSWenYassel wiasi then inunersed B ANk a@y eated
imersing the flask in an oil bath heated to

to 200°C and heated for 3 hours. After allowing the metal pressure vessel to
cool to the vicinity of room temperature (about 25°C), the contents were
transferred to a 500 mL pear-shaped flask. A fractionation head equipped
with a reflux condenser connected to a distillate collector and a thermometer
were attached to the flask and the inside of the flask was replaced with
nitrogen in a vacuum followed by immersing the flask in an oil bath heated to
50°C. The pressure inside the vessel was gradually reduced and the excess
acetic anhydride and the like were distilled off to obtain 103.3 g of residue in
the flask. When the residue was subjected to 'H- and "°Sn-NMR

measurement, the residue was determined to be a mixture containing

di-n-butyl diacetoxy tin and n-butyl triacetoxy tin, and the content of di-n-butyl
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50C. The pressure inside the vessel was gradually

reduced and the excess acetic anhydride and the |ike

were distilled off to obtain 103.3 g of residue in

the flask. When the residue was subjected to 1H and

119Sn- NVR neasurenent, the residue was determned to

be a m xture containing 25 di-n-butyl diacetoxy tin

anedoxy ttry the reésidies wap 15.4 widh evhiledhe aontanit affn-butyl triacetoxy
di -n-butyl 98 acetoxy tin in the residue was 75.4 wt%

tishivas 24e5 aatdb.enThizf miixiune Was rmbedt with tHe prawisudly. Sbtained
W% This mxture was m xed with the previously

tﬂm—BUfW%cefd)dtyfh kit Ls@d IsOthe FAW rABferias oA tRE édb%egaéht step
mat erial of the subsequent step (1-5). 5 Step ( :

/NéQ G oup Redistribution Reaction 125.3 g of the
ture obtained in step (1-4) were placed in a 200 nL

u ai at su Techno
Corgét,egj(g%i éﬁﬂyﬁﬁ‘?‘% R%Wr?%"btboﬁ %%%téol]were The net al
pres rsed .in.an bath . heated t
Dsoi2 & 8L misfurs PhiFREHdt. Stﬁ\?t(g"{)a‘l"P'EﬁNP@ HB a 200 mL
ressure 10 vessel to cool to_the vicinity of
’P%’é‘ﬁpf%ﬁb'é? yegsel (Model 5 §v-Hi2, Talatsy dechne&arp., n) under a
recovered. Wien 1H and 119Sn- NVR neasurenent were
nitsegercatracsphate. t Tbe meetat pressureyveésiel was impaensedrin an oil bath

liquid was determned to be a m xture containing

htiated tu2§0°Claad ¢tieated fari30anithutedut Aftert llowied they niatal, pressure
and the content of di-n-butyl diacetoxy tin in the

vsélutee coaistodthedvidtriity dbrading Rempefature WS'@HQ@a@ﬁon liquid
Di al kyl Tin Conmpounds 122.1 g of the reacti on liquid

vidltbabBevkred. SVemerd ﬂH5énd‘mpSEmlﬁﬁeﬁ\eb§u%n5&Q wéile carrled out on

vol unetric pear-shaped fl ask and |rmerse I'n an ol

t@%t Rﬁ%ﬁ@#ﬂ gql.&a ﬁﬁg r a%g\gﬂ;g(g%.aggg ?t%nrﬁ'nﬁg%"@glb?ﬁedq mixture
A BB 508 AN S el S o
dm n%utyledlg@esto;y ltl?l(?rﬁ ?t%je Vrr\ql)t(trl}ref {NlatseQrS f 3}?% to

Step (1-6). Alkoxylation of Dialkyl Tin Compounds

122.1 g of the reaction liquid obtained in step (1-5) were placed in a 500
mL volumetric pear-shaped flask and immersed in an oil bath heated to 50°C.
A white precipitate formed when 300 mL of 0.1 mol / L agueous potassium
hydroxide solution (Wako Pure Chemical Industries, Ltd.) were added while
stirring the contents thereof. The mixture was filtered with filter paper to
recover 82.1 g of a white precipitate.

81.1 g of the white precipitate and 238.0 g (270 mol) of
3-methyl-1-butanol were placed in a 500 mL volumetric pear-shaped flask.

The flask was attached to a rotary evaporator to which was connected an oil

bath equipped with a temperature controller, a vacuum pump and a vacuum
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recover 82.1 g of a white precipitate. 81.1 g of the

white precipitate and 238.0 g (2.70 nol) of
3-met hyl -I -butanol were placed in a 500 nL vol unetric
pear - shaped flask. The flask was attached to a rotary
evaporator to which was connected an oil 25 bath

equi pped with a tenperature controller, a vacuum punp
cantiollery adhenpurge vaive oatlieeof this evapogtonwhs coonetied tof a line
this evaporator was connected to a line containing

cBhtdlifiEg hig ﬁ ¥ fliving AtATARBPREHE pRESAAY! CARSF v@placing the

replacrng t i nsi de of the systemw th nitrogen, the
I i
R B0 i Pl b Bampsnd o8t by s st

14%"°§ i RGeS ﬁﬁmﬁ@%ﬁ@ tbsd%'a ‘Na&ﬁ Gt Folesionaes ‘n?ﬁé rotary
RLesence of nit Lessure Wit h
RGP, s atRvedor ARREisdlind) SR SN hEuPaGHTH SpffibRent for
r ure insi de the system vvas radual | y r.educed nd
aBFPH ?ehﬁli"ﬁl gtheorrassnce (f WHPH?"@WGM§TGSSUTQ with the
distilled off at an |nternal pressure of from?76 to
PR« ralve@idhe dotary vaperatorarpam dhe pressire dnside ihesystem was
conmponent was no | onger observed, the flask was taken
goadually retecedi andthehreamainiag| Iowebbiling‘ poiot componéntwas distilled

residue liquid were obtained in the flask. Based on

offhat mmletrfml QPresddre, of fedn Z81¢b B30%Fa. N\Bnee alistilletion tdfiche low
content o

b%lliiatg%d’rntt @rhporertyad nél&d@r%%e%ﬁh}ﬂ@ﬂé% 'ﬂéii )taken out of the

annoxane in the residde liquidin the f was

S 1 s 50 07368 Wpvry s n e
flggﬁ e Iég%é)cfgétthg ?%%@qu@;ﬁoh% ggd §B%M'R“gn§|9sés %e/ content

T I IREE e P R Y
luid in he fIask wae found to bo 964 wige || o 2 YS!

Step (1-7): Use of Regenerated Dialkyl Tin Catalyst in Carbonic Acid
Ester

Production Step

A solution containing 96.5 wi% of the 1,1,3,3-tetra-n-butyl-1,3-bis-
(3-methylbutyloxy) distannoxane obtained in step (1-6) was supplied from feed
line 17 at the rate of 18 g / hr while extracting the diatkyl tin catalyst
composition from extraction line 16 at the rate of 18 g/ hr in the carbonic acid
ester production step explained in step (1-2). 99 wt% bis(3-methylbutyl)
carbonate was recovered from recovery line 15 at the rate of 944 g / hr, and

effects of the use of the dialkyl tin catalyst produced in step (1-6) on the

carbonic acid ester production step were not confirmed.
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conposition fromextraction line 16 at the rate of 18
g/ hr in the carbonic acid ester production step
explained in step (1-2). 99 wt % bi s(3-net hyl butyl)
carbonate was recovered fromrecovery line 15 at the
rate of 944 g / hr, and effects of the use of the

di al kyl tin catalyst produced in step (1-6) on the 25
carbonic acid ester production step were not

confirmed. 100 Exanple 2 Step (2-1): Substituent
Exchéxagrapi@ezcti on of Deactivated Forns of Dialkyl Tin
Catal yst 5 125 g of a conposition of deactivated forns

obt agtagd (A1)t BRbSARRNt EidHMgas Rebefion lofZDeaktifatadPFems of
| were placed in a 500 nL pear shaped flask wunder a

ki pgﬁrbﬂg!}gjphere foll owed by adding 145.0 g of

acelc an Ide and stirring for 1 hour at 25C

et HTRE b ”%%%ﬁé@@?ggﬁa‘f"ﬁfaﬂ?e@ Tofffe, Baliprchy Jpé same
T?@Péeaﬁ Pr(ﬁh%{dﬁz AR @Freg‘é‘ : hﬁg grfﬁirr&g%% faped flask
as was | hmer se I N an ol at eated to

Undes &,pirooggs; denasplers éalloweday agiding PP gém@!wawydnde

excess acetic anhydride was distilled off to obtain
argisstring dor 4 hoesial Z&6°Cns iddker @lttachingsx fravtiematics- headl equipped
119Sn- NMR neasurenent were carried out on the

withsa deftux cdrvederser doaneetedito andistillaté eoledtbr and authermbmeter to
tri-n-butyl acetoxy tin and di-n-butyl diacetoxy tin,

the dlagk e répdading tAd IsIdEINR therfiari With lrﬂr@g}m’pwadﬁacuum the
containing tin atons denonstrating a plurality of

flgasﬁ 'Wé@'im@"?e’tr%cf iftan! &iP Bath? fiBafed ﬁﬁgé"@ Phd lﬁeé‘%ﬁ’é%hde the

tri acetoxy tin in the mxture

M B Bik Sl AAGFORR i et
NZUh ‘b?@gééspﬁ agr%gb%ﬁnm < e iRk VWifleh MH2! 8Ra (Fedd-NMmR
measurement were carried out on the residue, the residue was found to be a
mixture of tri-n-butyl acetoxy tin and di-n-butyl diacetoxy tin, and according to
"%Sn-NMR, organic tin compounds containing tin atoms demonstrating a
plurality of chemical shifts at from -240 to -605 ppm. The content of tri-n-butyl
acetoxy tin in the mixture was 21.1 wi% while the content of di-n-butyl
diacetoxy tin was 63.7 wt%.
Step (2-2): Alkyl Group Redistribution Reaction
123.7 g of the mixture obtained in step (2-1) were placed in a 200 mL
metal pressure vessel (Model TSV-N2, Taiatsu Techno Corp., Japan) under a
nitrogen atmosphere. The metal pressure vessel was immersed in an oit bath
heated to 250°C and heated for 30 minutes. After allowing the metal pressure

vessel to cool to the vicinity of room temperature, 122.9 g of reaction liquid
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netal pressure vessel (Mddel TSV-N2, Tai atsu Techno

Corp., Japan) under a nitrogen atnosphere. The net al
pressure vessel was imersed in an oil bath heated to
250C and heated for 30 minutes. After allow ng the

metal pressure 25 vessel to cool to the vicinity of

room t enper at ure, 1229% reaction liquid 101 were
weareqecowsted\\h WhdiH Haand 1PSEANMPRTeasarereertnwensecarried out on
carried out on the reaction liquid, the reaction

thé aeactiomliqioumé teachien diqhidxwvas fodhd & Bana eniktuve of organic tin
conpounds contai ning di-n-butyl diacetoxy tin,

dofpdimiidt ¥bnRGRhg Xdli- f‘inﬂtﬁnélacetoxg tin,_tri;n-butyl acetoxy fin and
1,1,3,3-tetra-n-butyl -1,"3-di acet oxy di stannoxane, and

1 \Af%(ﬁ?%ae-ﬂlb I-ffi (ﬁan%&ib)\(* d%t?ﬁﬁ&%tn%x%nﬁ' eBSntlrit éf é dj-n-butyl

e con acet oxXy |n was a

% ..and_t
di&Cth"‘ 18 35558570 e Sontent of Syt SFIBRAID g sbout
% Ste -3 kox Kk
w@ﬂ&e SoBlegt o1 of. 1@%‘&%%‘?‘3?#*%‘0%339'?\?‘#@"% digalpoxage was
-tetra-n- butyl 1, 3- 10 bis(3-nethyl butyl oxy)
i-%%ﬁnoxane were obtained by carrying out the sane
nmet hod as Step (1-6) of Exanple | with the exception
of Btepd2-B1ABoyylafion bé DiatkyWtTim Eovtpatindsd i n St ep
(2-2), 290 nL of 0.1 nmol / L aqueous potassium

hydriagiéley o6laltsohnionaoentaifing I .0fwils neft iyl 3,B-tetraanblityi-1,3-
15 Exanple 3 Step (3-1): Substituent Exchange Reaction

b(3 [PRamlyib(RyI6Ry F@istEnrkand wiey bbitbimeddyatarpying %tgthef same

a conposSition of deactivated fornms obtained using the

TR PSR 8 Rt i PR A 210 g of e
"é@?ét#tﬁi*&ﬁ"d?&eﬁ’ Z‘E%’ia&@@t BIROPDRE e Fiopfubus potassium
hyandeﬁgé!gﬁ s|%'§5[<§§9rﬁaeg9f1¥ l@Mt/y?_\r!az'ltattached to the

Example 3

Step (3-1): Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst

130 g of a composition of deactivated forms obtained using the same
method as step (1-2) of Example 1 and 100 g of toluene (guaranteed reagent,
Wako Pure Chemical Industries, Ltd., Japan) were placed in a 500 mL
pear-shaped flask. A Dean-Stark tube, Dimroth condenser and three-way
valve were attached to the pear-shaped flask. The three-way valve was
connected to a line through which nitrogen gas was flowing at normal
pressure.

The flask was immersed in oil bath pre-heated to 140°C followed by
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connected to a line through which nitrogen gas was

flow ng at normal pressure. 25 The flask was i nmersed

in oil bath pre-heated to 140C foll owed by 102

refluxi ng the toluene and all ow ng hydrogen chl ori de

gas to flowinto the flask at about 150 niL / mn.

Wat er was recovered in the Dean-Stark tube together
reflixting dié toluene Bhd allowieg dydeogen deoridegasdo flave into the flask
conpl eted after carrying out for 16 hours. After

atlabout M0 nfitle/ Mins kWatecwal récovdred in ¢he DigancStariotube together
tenperature, 5 the inside of the flask was purged with

Wit HéﬂElﬁlﬁPftﬁé t@luaﬁérénd e eaRfoNas Srmplete£aReY darhyifgout for
the resufting solution to obtain 120.4 g of sol ution.

186 8urs BP ai'l&w?ﬁ@ e %uéﬁﬁatthwdﬁnlyg f ki Qéﬁ\gﬁfbture

this soI foun a m xt
of .tri 0r.o but

) SRR 8, porbeBoie Rparh fof 3" a1, Toligns, was
dihiod aftirors g TeauBhg saluipn t@ﬁ@%@(ﬂcgﬁ ﬁ'ﬂ?fmehen H-

Reagt i on 118Zgof the m xture obtained in ste I(rhﬁ;l) ]
afdr e PN-AE meagureoment werk:£aBied( p@bpgttéﬁeaoluihaae rPlution
doubl e-wal | ed vessel (Mddel TAF-SR, Taiatsu Techno

wesr fiound Yahend miktiee of trivintbutylehlosio Mdbu-lﬁlﬁﬁdbb@@ itin, and
was 15 inmersed in an oil bath heated to 250C and

tthe at@vtefiorof 1 fri-hchutglchidkd etin  alabovii7iy wite whidleekhd ocontent of
cool to the vicinity of roomtenperature, 116.9 g of

di-ﬂ&ﬁltir!@fbhldr@lﬂndmé\@t’iﬂ zmvered Wien 1H and 119Sn- NWR
nmeasurenent were carried out on the reaction |iquid,

AR O T
(3 Vo TR o PN Raddd i 300 mL
T A B, e TR ot s . e
Techno Corp., Japan) under a nitrogen atmosphere. The vessel was
immersed in an oil bath heated to 250°C and heated for 15 hours. After
allowing the vessel to cool to the vicinity of room temperature, 116.9 g of
reaction liquid were recovered. When 'H- and "°Sn-NMR measurement were
carried out on the reaction liquid, the reaction liquid was found to be a solution
containing 93.1 wi% di-n-butyldichloro tin.

Step (3-3): Alkoxylation of Dialkyl Tin Compounds

119.1 g of a solution containing 98.0 wi% of 1,1,3,3-tetra-n-butyl-1,3-
bis(3-methylbutyloxy) distannoxane were obtained by carrying out the same
method as step (1-6) of Example 1 with the exception of using 115.9 g of the
solution obtained in step (3-2) instead of the solution obtained in step (1-5),

and using 330 mL of 0.1 mol / L aqueous potassium hydroxide solution and
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nmet hod as step (1-6) of Exanple 1 with the exception
of using 115.9 g of the solution obtained in step
(3-2) instead of the solution obtained in step (1-5),
25 and using 330 nL of 0.1 nol / L aqueous potassi um
hydr oxi de solution and 103 292.2 g of

3-nethyl -1-butanol. Exanple 4 Step (4-1):

2024 yif Seinethyikdeeutanal. 5 150. 0 g of the conposition of
deacti vated fornms obtai ned using the same nethod as
step (1-2) of Exanple 1 and 120.3 g of 1-decano
(guaranteed reagent, Wako Pure Chem cal |ndustries,
Lt d.Exatapie were placed in a 500 nL pear-shaped
flask. A Dean-Stark tube, a Dinroth condenser and a

t hr ed to the pear-shaped
gﬁeﬁhe : béﬁt 14EibR F&i[éc%H P P

fla ree vvayv ve was 10 connected to a line

thr WO ﬁo&ﬁﬁ%ﬁfbr%lsd%w%{eca"fo?ﬁlsaéqtg@%gﬁlsmg the same

pressure nmersed 1 n an ol

i S50 B 155, e

|ntothe flask_at about 150 Wt er
reagleNaKo Plterghessica) duskias, 1?69%@%@9'@9@% in a 500 mL

refluxi ng the 1-decanol, and the reaction was

P@éfrﬁhéﬂ%& flask.er A Dean-Stafl tehr, @ Bimnshcendenses ard a three-way
allowing the flask to cool to the vicinity of room

vabep sené uattachiegde to thé deearfshidpedt flask wiibe pliwesvay valve was
nitrogen for 3 hours. 1-decanol was distilled off

cobnhnattede té es Uline rtAraighutwinich tnitrobeai gad 3was flowing at normal
sol uti on. When 1H and 119Sn- NVR neasur enent were

pféddurgd out on this 20 solution, the solution was
found to contain 81.1 wt% of di-n-butyldichloro tin.

St eprr{e‘n‘ﬂggk WREPRALISER 1 arPo HaW A heGRIPRY 985+ Idichved by

m Xture obta ne re aced

réf gh Vf-ﬁ%&gﬁq a%cﬂ)? Ig\gH’@eHgg&g%n EI?ISPIHQ ngaéé o) fIBﬁPﬂ'lto the

flask at about 150 mL / min. Water was recovered in the Dean-Stark tube
together with refluxing the 1-decanol, and the reaction was completed after
carrying out for 15 hours. After allowing the flask to cool to the vicinity of
room temperature, the inside of the flask was purged with nitrogen for 3 hours.
1-decanol was distilled off from the resulting solution to obtain 135.8 g of
solution. When 'H- and '"°Sn-NMR measurement were carried out on this
solution, the solution was found to contain 81.1 wt% of di-n-butyldichloro tin.

Step (4-2): Separation of Dialkyl Tin Compounds

133.2 g of the mixture obtained in step (4-1) were placed in a 200 mL
pear-shaped flask, and a fractionation head equipped with a reflux condenser
connected to a distillate collector and a thermometer were attached to the flask.

After replacing the inside of the vessel with nitrogen in a vacuum, the flask was
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connected to a distillate collector and a thernoneter

were attached to the flask. 25 After replacing the

i nside of the vessel with nitrogen in a vacuum the

flask was 104 imersed in an oil bath heated to 100C.

The pressure inside the vessel was gradually reduced

to a final pressure of 1.3 kPa to recover 26.3 g of
ithinsdrsbd & an ginshth(feated tof00€S. dTike pWesurd ihsidenthe vessel was
119Sn- NVR neasurenment were carried out on the
gragudiieredueedabsd fihaPpressare 60UIIkPE theecover 26.3 g of distillate
di -n-butyldichloro tin. 5 Step (4-3): Al koxylation of

d?tane/ g g[TbPre%U%OUWﬁeﬂcﬁ 4nd 'YIsn-NMR measurement were carried
etra-n-butyl -1, 3-bi s(3-net hyl butyl oxy)

o‘ﬂt%hqﬁ@;"éé‘ﬁgep*% BT,
o S eheB it UL 7,

P L cacob o Ract tskeng T1d€%§%5m%nmﬁow@7 distgnoxane

of 3 net hyl - 1 butanol. Exanple 5 Step (5

verBseblainge: bycanying:ore the sam%metmﬁis\@teedh@rﬂfsEaample 1
D al kyl Tin Catalyst 15 201.5 g of a m xture of

with the- éxdeptionaftusing 1055 glof thelditn:butyidickioxiin obtainedi jin step
according to 119Sn-NMR, organic tin conpounds

(4 M tingtend of the selutioh obteined i stelp (Mg3)pamd usiagi 320 Wil of 0.1 mol
chenmical shifts at from-240 to -605 ppm was

PSSR SR SR 28 B0 RS- Sk

conposition of deactivated forns obtained using the 20
same nmethod as step (1-2) of Exanple 1, and using

305. f m xture of 182.9 g of acetic acid and
124. I‘%x%n@lp iceti c anhydride instead of 145.0 g of

?Fﬁt Pt 4 rbBatiSi EXEh6Nge Ropctan ob oyt orms on

of nbut}/ di acetoxy tin was 64.1 wt% Step (5-2):
Q@lk}’l T'GrQﬁIQ yRbdi stri buti on Reaction

201.5 g of a mixture of tri-n-butyl acetoxy tin, di-n-butyl diacetoxy tin and,
according to "°Sn-NMR, organic tin compounds containing tin atoms
demonstrating a plurality of chemical shifts at from -240 to -605 ppm, was
obtained by carrying out the same method as step (2-1) of Example 2 with the
exception of 200 g of a composition of deactivated forms obtained using the
same method as step (1-2) of Example 1, and using 305.2 g of a mixture of
182.9 g of acetic acid and 124.4 g of acetic anhydride instead of 145.0 g of
acetic anhydride. The content of tri-n-butyl acetoxy tin in this mixture was
20.1 wt%, white the content of di-n-butyl diacetoxy tin was 64.1 wt%.

Step (5-2): Alkyl Group Redistribution Reaction

199.3 g of a mixture containing di-n-butyl diacetoxy tin, tri-n-butyl acetoxy

105



10

15

20

25

25 199.3 g of a m xture containing di-n-butyl

di acetoxy tin, tri-n-butyl acetoxy 105 tin and
1,1,3,3-tetra-n-butyl -1, 3-di acet oxy di stannoxane was

obtai ned by carrying out the sane nmethod as step

(2-2) of Exanple 2 with the exception of using 200.1

g of the mxture obtained in step (5-1) instead of the

tim anhdr ,1,88-wtreed-butylst, 3gligcetdyy disannonaret was obtained by
di -n-butyl diacetoxy tinin this mxture 5 was 63.7

r%'\gtélﬁ thEBaATE nmethdd bs RtdpI(2R) oE Ekampld R withatheabaueiption of
and the content of 1,1,3,3-tetra-n-butyl-1, 3-

C y gd Sqm(ead%fth ixt
e S e K

ohEHE o 2 P st ST b Sy g o e e
s L R adec o e?"ﬁéﬂ; 51@!5%% 59,0608 ol 748%, and e

except g,.0of .the m xture obtai '
CBREY b3S 348 ALY 3 HieretPRY dRARTENE Yo 32 gkt
hy drOX| de sol ution and 544. 3_I_g of 3-net hyl -I - but anol .
Exa@elé (3-3)Alkpwyatien of Dialied Ty Comraundsact i on 180 g

of a conposition of deactivated forns obtai ned u3|ng
t he 1840 g wbtehsdludionscentaining)95dh vitYarmfl 113, ddetsa-n-butyl-1,3-
placed in a 500 nlL pear-shaped flask in the presence

biw(3-anathybagdoxydt distpimexané okérnwebitaned bgi carryitg .ot thef same
acetic acid and 280.0 g of acetic anhydride. The

nﬁétﬁé& a&a&epmmxéma@ vlvbltrbﬂféﬁeﬁdédtﬁﬁt(ﬁdﬁim%llgsg g of the

and then stirred for 5 hours while refluxing t

nfiRIure | Stainght ﬁlr ?te‘? k naghH *}ﬁkf 6881 tnfoicoe! a&@eélﬁpfﬁbtassmm

tenperature )at i on head equipped wth a

S FOGRAR SRS o Fh L Cack, and the

inside of the flask was replaced with nitrogen in a
vacuum After immersing the flask in an oil bath
heat ed to 50C, 25 the pressure inside the vessel was
gr adu@mRieeduced and excess acetic acid

Step (6-1): Dealkylation Reaction

180 g of a composition of deactivated forms obtained using the same
method as step (1-2) of Example 1 were placed in a 500 mL pear-shaped flask
in the presence of a nitrogen atmosphere followed by adding 164.6 g of acetic
acid and 280.0 g of acetic anhydride. The flask was immersed in an oil bath
heated to 155°C and then stirred for 5 hours while refluxing the solution. After
allowing the flask to cool to room temperature, a fractionation head equipped
with a reflux condenser connected to a distillate collector and a thermometer
were attached to the flask, and the inside of the flask was replaced with
nitrogen in a vacuum. After immersing the flask in an oil bath heated to 50°C,

the pressure inside the vessel was gradually reduced and excess acetic acid
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106 and acetic anhydride were distilled off to obtain
181.5 g of a residue inside the flask. Wen 'H and

79Sn- NMR neasurenent were carried out on this

resi due, the residue was found to contain 84.8 wt % of

di -n-butyl diacetoxy tin. Step (6-2): Separation of

Di al kyl Tin Conpounds 5 180.0 g of the solution
andrdcetioiandny8rid8 weréodistilledoaff 1d obiairc 486.6/g of a residuei inside the
in step (6-1) were placed in a 300 nL pear-shaped

flabs k Wiserd '®- an@cYTSNMNNMRNmEzadrarfghp pste Weadied out on this
refl ux condenser connected to a distillate collector

réé]gué‘ thB9ESRNB WS fRing tétcbﬂféiﬁ@4t83vﬁ%%ffd|-@t5ﬂfutyl°sﬂlh§étoxy tin.
replacing the inside of the fllask with nitrogen in

10 bath

heat S (§ A pemandhes Ers%ﬁwiﬁﬁ CBBuRe L ocel was

d fi f Kk
To0 50 % ' R RpuliBnaebidiind 5 B bt gttty GReBRy

nmeas ment s re carr t o

obfained 13 ob, e T) et RtReac e 0, M- peapshaped, sty 2
di acetoxy tin. Step (6-3): Regeneration of Di aI k
fragtianatian heasheguinned withra refibosapdenses cosmegtes ¥9 a distilate
1,1,3,3-tetra-n-butyl -1, 3- bi s(3- et hyl but on
cdilettan aod :m éhenvwomaets veenecattashesata $henfa %@r epiacing the
net hod as step (1-6) of Exanple 1 wth the exception

irsides of the fldsk With rifrogdre irda-vadautny ithd iflask twasyimmersed in an oil
obtained in step (6-2) instead of the reaction liquid

bgm AbaRd tomsu°eP (Thedpresanfd inBidethadibsdel Was@‘ra@uéllyni‘éduced

L aqueous pot assi um hydrOX| de sol ution and 350

5 fln%1 ?Féo < o? 856 ‘E}tﬁ(fﬂé of d%ﬁﬂte(\%eﬂé recm7n=;redI ) When

ro uc al kyl ta yst

b./aq'ld' M9QRLNMR 'rﬂegéﬁrgﬁ'\e%%%&% ChARY %uglﬁ{ntﬁiﬁl Gistiflate, the
distillate was found to be di-n-butyl diacetoxy tin.
Step (6-3): Regeneration of Dialkyl Tin Catalyst from Dialkyl Tin
Compounds
130.8 g of 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy) distannoxane
were obtained by carrying out the same method as step (1-6) of Example 1
with the exception of using 149.1 g of the di-n-butyl diacetoxy tin obtained in
step (6-2) instead of the reaction liquid obtained in step (1-5), and using 350
mL of 0.1 mol / L agueous potassium hydroxide solution and 350.9 g of

3-methyl-1-butanol.

Example 7
Step (7-1): Production of Dialkyl Tin Catalyst

972 g (2.7 mol) of di-n-octyl tin oxide {(Sankyo Organic Chemicals Co.,
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Ltd., Japan) and 2100 g (23.9 nol) of

3-net hyl - 1- but anol were placed in a 5000 nL

vol unetric pear-shaped flask. The flask was connected

to an evaporator to which was connected an oil bath

equi pped with a tenperature controller, a vacuum punp

and a vacuumcontroller. The purge valve outlet of 5

litthe JapappramdoR 10 (d%h8entoddot 8-methiyvihd -lmdanal werg placed in a
nitrogen gas flowing at normal pressure. After

5000s immlg vohemptricopeunshiaped fldsk. eVERorfiskr wa@ tefnssted to an
pressure inside the system the purge valve was opened

evapakabl Yo Which Wil cohriddsa® ant 6il bhﬂWeh[]IﬁbeHrWﬂﬁﬁiéiﬂberature

and return to normal pressure. The oil

CORTBNR AR 03 4% 205k ﬁé’q’é’t@?foﬁﬁﬁb?@%’a"’e outet o
B8, Scéﬁééé%ée o SBAARE iR 548 rowing a

rippio? Bapstine | per Bl i ﬁ@rfglvtaﬂgaﬂﬁ%eg'gﬁ?éﬁ‘?rrﬁm to reduce

vvater bega After maintaining in this state for

PresRue 'ﬂg@ep@ﬁg%v%mvéhwraeo\@@ Wise opanRed grﬁgu%lty to allow
the systemwas gradually reduced, and excess

rtﬁrmmtq ﬂDWUDtQaglﬂ systeml and ireturn ite chaxmah pressuse. e sEe @il bath
inside the systemat from74 to 35 kPa. After the
témpetatore wasl setderalmppetted, thedlakkasis iramdradain dhé oil bath
of the oil bath. After allowng the flask to cool to

anlerotdtionnifitiie @vaporiiot wab Stadited. € AflereatingeoPEbeEt 40 minutes
val ve was opened gradually and the pressure inside the

nﬂﬁ’é Prediikte &Y Athitibhetie ﬁb%ﬁhﬁfrbﬁeﬂrﬁﬁfp{@ﬁuaggﬁalge of the

reaction liquid were obtained 1h the

e@ﬁg@%t&nleﬁr@péﬁa%‘ﬁtﬁlﬁtl% of 3 Wiethyht-bd@aHor 85htiMhg water began.
’%‘fei{’i?ﬂ teté?n ﬁ# riaoyrg, ﬂ'.%ggr gqjv%l as %{wdatpr%ssure

. of 99% based ’yhe di -n-octyl tin oxide.
inside Tt sulal wasayada AR EXCERR STkl apWfagol was
t ot al of 14120 g of 1,1, 3 3-tetra-n-octyl -1, 3-
distiled with the plassuExNside the sysieanat from Tdde 35 kPp.  After the
Production of Carbonic Acid Ester and Recovery of 108
fraction no ionger appeared, the flask was taken out of the oil bath. After

allowing the flask to cool to the vicinity of room temperature (25°C), the purge
valve was opened gradually and the pressure inside the system was returned
to atmospheric pressure. 1176 g of reaction liquid were obtained in the flask.
Based on the results of "°Sn-, 'H- and '"C-NMR analyses,
1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy) distannoxane was confirmed to
have been obtained at a yield of 99% based on the di-n-octyl tin oxide. The
same procedure was then repeated 12 times to obtain a total of 14120 g of
1,1,3,3-tetra-n-octyl-1,3- bis(3-methylbutyloxy) distannoxane.

Step (7-2). Production of Carbonic Acid Ester and Recovery of
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Conposition of Deactivated Forns of Dialkyl Tin

Cat al yst Carbonic acid ester was produced in a

conti nuous production apparatus |ike that shown in

FIG 2.

1,1,3,3-Tetra-n-octyl -1, 3- bi s(3-net hyl but yl oxy)

di stannoxane produced in the manner descri bed above
Compasilip okDeactivated Formas of Blials@slin ¢atalyst f r om

transfer line 4 into colum-type reaction vessel 102

pac Kantbanithadith esterGaag prédidadciki an gotfiwioey pidaticties apparatus
Ltd., Switzerland) and having an inner dianeter of

K Lthain sisivie e FIGY 2. engl 13, 2fTeftB4{o6H1-1 BWis(3- methylbutyloxy)

3-nmet hyl - 1-but anol purified with distillation colum

dis®dn néulﬁ’ﬂ%'dbggd ?ﬁ ethFeméﬁlaér dB&cridttP Ab8yé Wécfegﬁﬁﬂﬁed at the

transfter |1 ne I qul tenperature 1 nsi

B340, 47, KERRRL ARSI LAt Rlien esse 102
o 8 R b R o S g o

about 17 minutes. 3-nethyl-1-butanol containing wat
hayingan inper dismetersef J5/1 W.m angnefediveolength of R040 mm, and
reaction vessel via transfer line 6, and )
3ametbyh{ibutamelpaified avith distilation eglumns Oiswgs Isupplied atthe rate
line 1, were punped to distillation colum 101 packed
ofvi1d858/4g alhr fesmziearidfePlingihg Ehed lignidviedyrerature inside reaction
reboiler 111 and condenser 121 to carry out

véisel | 1028 WasecomtrolfddC & 1180°C| By tahhehfeld &id debsildr! #12,0dnd the
colum 101, a fraction contalning a high

pfedst F’é‘%@%o@%&t@& t8'abBit 126 kPQf@ higes BPé’séE@é‘ 48RS valdd The

and recover fromrecovery line 3. Purif

reSdRHGRY Ui " " eI S vEsel” R THEGHES 17, minutes.

bRl e 5%?",?[‘%4?*‘5/ A'tfom the top of
3-

the reastieh Vessal Hgﬁt#ﬁm%t% 280 5- mﬂffwﬁgawna&% the rate of 824

di st annoxane was obtained from the bottom
gihgvismfead line 1 ewere pHmMpaskiel dlﬁtﬂtatloarﬁplgmppmbﬂaelted with Metal
film25 evaporator 103 via transfer line 5. The
GauzetQY IPatkingt amb providedwithi rebeilerot 1 amd ctodenser 121 to carry

out distillative purification. In the top of distillation column 101, a fraction
containing a high concentration of water was condensed by condenser 121
and recovered from recovery line 3. Purified 3-methyl-1-butanol was pumped
to column-type reaction vessel 102 via transfer line 2 located in the bottom of
distillation column 101. An alkyl tin alkoxide catalyst composition containing
di-n-octyl-bis(3-methylbutyloxy) tin and
1,1,3,3-tetra-n-octyl-1,3-bis(3-methylbutyloxy) distannoxane was obtained from
the bottom of column-type reaction vessel 102, and supplied to thin film

evaporator 103 via transfer line 5. The 3-methyl-1-butanol was distilled off in
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thin filmevaporator 103 and returned to colum-type
reacti on vessel 102 via condenser 123, transfer |ine

8 and transfer line 4. The al kyl tin al koxi de

cat al yst conposition was punped fromthe bottom of

thin filmevaporator 103 via transfer line 7 and

supplied to autoclave 104 while adjusting the flow

thiat fdmoévaparator- 143 phd eturBeddo odlwanytyps yeaction wessel 102 via
1,1,3,3-tetra-n-octyl -1, 3- bi s(3-net hyl but yl oxy)
cOnhdensenon2Be tiansfdpolitie @6andotransfer lin€adbohdi alkyld tinvalkoxide
supplied to the autoclave by transfer line 9 at the

cbﬁlﬁt UmBastich wak purfPed titiin RRE HoUbE bNEHiN Filrh vaporator 103
autocl ave was mal ntai ned at 4 MPa-G  The tenperature

via{‘ﬁ%ﬁ%gf' e 34 s e;g ik 6clé@e 484 Gvhi d[l@t'ﬁ'\gjﬁfécﬁow rate of

was a 2 outOI h(ﬁursI a reaction
& ‘ﬁ‘i‘%‘g@@w%@bﬁf?ﬁ“xﬁ)ﬁ)ﬁ; carried out tPobtaina - and
teEaoblsdRen-ord T RRtney Rrosd-elantinarty féc?ti%“ 6627 g /

decar boni zatj on tank 105 via transfer IlneS(JGé)r

heontaton dicyide was supplad to-deRIPClaye By iransish 'en,e, 9 3hthe rate
t he carbon di oxi de was recovered from 15 transfer |ine

of 873 Qubliie gnd the presstuice inside thenautoglave wassmainiainedratdMPa-G.
to thin film evaporator 106 set to about 142C and

TheoteémPeraturBaingide theaaafoelaviel was Isstatod126°) theedsidence time
adjusting the flowrate of 1,1,3,3-tetra-n-octyl-

whasladjlsted-toritout Bhotre xand di r@hmbemémtmb@rboﬁmme and
/ hr to obtain a fraction containi ng

tive %(kgﬂ AR 54 Yalalfst! dpRsdsitior WashGarfbl @ut I‘Bé“@)‘#)talh hereaction

evaporation 20 residue was circulated to colum-type

PR P e° His A eyt o Bonkiel® ihe F8clid LAY was

GrereliblEhecodbten e né}%ﬁﬁ ¢ g, control valve
1§ GPMGYS FFT R ADBB RIG Ab Ao CIPARR 1ee(aapiPred from
packi ng and equi pped 25 W|th r eboi I er 117 and
tieostasdiner 11.2 7Subsequentkniber reagtion figuidrwas ti@nsferrad tethin film
e?f;po;%gr 106 set to about 142°C and about 0.5 kPa via transfer line 12 and
supplied while adjusting the flow rate of 1,1,3,3-tetra-n-octyl-
1,3-bis(3-methylbutyloxy) distannoxane to about 5887 g / hr to obtain a fraction
containing bis(3-methylbutyl) carbonate. On the other hand, the evaporation
residue was circulated to column-type reaction vessel 102 via transfer line 13
and transfer line 4 while adjusting the flow rate of
1,1,3,3-tetra-n-octyl-1,3-bis(3-methylbutyloxy) distannoxane to about 5887 g /
hr. The fraction containing bis(3-methylbutyl) carbonate was supplied to

distillation column 107 packed with Metal Gauze CY packing and equipped

with reboiler 117 and condenser 127 via condenser 126 and transfer line 14 at

110




10

15

20

25

the rate of 959 g/hr followed by distillative

purification to obtain 99 w% bi s(3-nethyl butyl)
carbonate fromrecovery line 15 at the rate of 944 g /

hr. Wen the al kyl tin al koxide catal yst conposition

of transfer line 13 was analyzed by 119Sn-, 1H and
13C-NMR anal ysis, it was found to contain 5

the Trats dft 859 ag/hr dollgwed , By Wistlztivet pyrifinatiph otoy obtain 99 wi%
di st annoxane but not contain

biti(3metbiyitutyl) safborritd fidm trebovety liien15Aitt e Aé rofigwat g / hr.

out the above-nentioned continuous operation for

VEREN! tth&4 QIKYP YinS alidxiae daitél¥§t| lceipeRitioRl 8F Yipdnsfer line 13 was

conposition was extracted fromextraction [ine 16 a
a8 By ot v et s G AR anayels ot 4, opnd o contain
1ol S B e T B Poy RLBOHn oifahiePRc K, pot contain
dF oyt By ofyy tin® AHE Sirlyig' ot the Sbovemantioned
1,1,3,3-tetra-n-octyl -1, 3-bi s(3-net hyl but yl oxy

canptinupifoxeprratior  &oit rahaudd 240r diausk ralkyli din |aIE<@<i<1@. catalyst
As a result of analysis by 119Sn-NMR, in addition to
compesitionnyasbextradded ftove ofxtraction line 16 at the rate of 18 g / hr,
1,1,3,3-tetra-n-octyl -1, 3-bi s(3-net hyl but yl oxy) 15

101, 8 [Catetraxaoetyl-t1; 3-bis(SahethyButgdy| but gistannoxhhe andpmduced
plurality of NVR shifts of deactivated conponents of

adcdrdihgdtd thierdboveQibitésslwas %iu?bﬁedTﬁthé@dt e At the rate of 18

di st annoxane were observed at from-240 to -605 ppm
Th} s pgat st ORPOgf t Lon i a Q&’R@% i
gof dgéct?{‘/dat ezc?qgopprrs.éf Stlaepc%-ﬁgyﬁsguzésft i 9isjent %hgﬁ&s of
Ci , . T
1S bR ShelE A B R PG, fethlioite allbe, grtracted
tin i -n-ogctyl di gcet ox i n and, . acoqydi 0. -
fohb extRgHen ERS 6 c A4S A TERban AREsisnBl SR aseition to
denpnstrating a pl uoral [ t% of chem cal shifts at from
conlaming abeat Glnwiver of bosdBrietratyoetyl-i\3-big(Hmethylbutyloxy)
sane nethod as ste (2-12) of Exanple 2 with the 25 .
distarumansa, m-nmtwgﬁmg alylaxy} tinoand &i pluealityof NMR shifts of
deactivated forns obtained in 111
deactivated components of 1,1,3,3-tetra-n-octyl-1,3-bis(3-methylbutyloxy)
distannoxane were observed at from -240 to -605 ppm. This catalyst
composition was used as a composition of deactivated forms.
Step (7-3): Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst
201.2 g of a mixture of tri-n-octyl acetoxy tin, di-n-octyl diacetoxy tin and,
according to ""°Sn-NMR, organic tin compounds containing tin atoms
demonstrating a plurality of chemical shifts at from -240 to -605 ppm, were

obtained by carrying out the same method as step {(2-1) of Example 2 with the

exception of using 200 g of the composition of deactivated forms obtained in
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step (7-2) instead of the conposition of deactivated
forns obtained in step (1-2) and using 231.0 g of

aceti c anhydride. The content of tri-n-octyl acetoxy
tinin the mxture was 23.4 wt% while the content of

di -n-octyl diacetoxy tin was 62.8 W% 5 Step (7-4):

Al kyl Group Redistribution Reaction 197.3 g of a

stapaT-2)prinsteqdi of ther compositionedf Hgactivated fornsitobtdined in step
same nethod as step (2-1) of Exanple 2 with the

(62} apti wing 2319 g of 288ticaghwadridene THE sdntent effria-oetyl abetoxy
step (7-3) instead of the m xture obtained in step

tihdnlthe mihare Whs 2814 JHOSWINIER tHE aDmteHTesT §i-WBES) diacetoxy tin
carried out on this reaction 10 liquid, the reaction

V\gis%ﬁ'.émé found to be a m xture containing di-n-octyl
lacetoxy tin, tri-n-octyl acetoxy tin and 1,1, 3, 3-

cont e (G Gietlp RE a8 RARRIZ "85 8"\ o6 1 ne
;ggt@ﬁt&;} g;ﬂf r@nien_ |8F1ylkqu?<f Were recovered” by bgaur}'yir?g Yt’the same

1,1,3,3-tetra-n-octyl -1, 3-di_acet oxy di stannoxane_was
methed psosten £25)af Example 2wilbkiesxception afiusing 19939 of the
Conmpounds 181.0 g of a solution containing 95.2 w % of
mixture cbtained 4n rstep t(¥+3)1insteasi of thermikiure wbtaioed)in step (2-1).
di st annoxane were obtai ned by carrying out the sane
Wieerh OH- ands {'@8n{NMR) migaskixemphis iveve tdartié cant aspthisrreaction
of using 194.4 g of the mxture obtained in step

liquid2 )thé n@aeten Afquidavae foun@ tebbai aembitires (cBhtdiding) di-n-octyl
and 20 using 290 nL of 0.1 nol / L aqueous potassium

' b d 9 1 n=det
oIS, U, ST 83 o B4 S0 UG dal lhcoton

oBlerbfat s OB b0 R} P Bl EL 2,0, e
cofteht ngft r?-%-oa}: :5%8&0&9' illP'l \?v];\s Eégggtl % 6\.r\ft\%t %n&hﬁ'xe content of
1,1,3,3-tetra-n-octyl-1,3-diacetoxy distannoxane was 32.0 wi%.

Step (7-5): Alkoxyiation of Dialkyl Tin Compounds

181.0 g of a solution containing 95.2 wt% of 1,1,3,3-tetra-n-octyl-1,3-
bis(3-methylbutyloxy) distannoxane were obtained by carrying out the same
method as step (1-6) of Example 1 with the exception of using 194.4 g of the
mixture obtained in step (7-4) instead of the mixture obtained in step (1-5), and
using 290 mL of 0.1 mol / L aqueous potassium hydroxide solution and 297.6 g

of 3-methyl-1-butanol.

Example 8
Step (8-1): Dealkylation Reaction

225.7 g of a mixture containing 85.8 wt% of di-n-octyl diacetoxy tin were
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exception of using 230 g of a conposition of

deactivated forns obtai ned using the sane nethod as

step (7-2) of Exanple 7 instead of the conposition of
deactivated fornms obtained in step (1-2) of Exanple 1,

and using 158.0 g of 5 acetic acid and 283.5 g of

acetic anhydride. Step (8-2): Separation of Di al kyl

obtainad by laPryingbubthdi sdme Iméthodersestept(8tT)esf Example 6 with the
carrying out the same nethod as step (6-2) of Exanple

efceptidh bﬁﬁsnﬁgm V\% of aldortosifior? 8f déaétivifted Aermid $bidirfad using

containing 8 % di -n-octyl diacetoxy tin obtained

theé sahfP methdd OalﬁV\E?ﬁ (721 @Of %rﬂﬁiat I Wgaagﬁ‘%bef@rﬂbésmon of

were carried hIS distil stil

BRI ol Bpidhed ek (PRI BmbeTL, Jhd sl F58.0 g of
te 0oC 3- b| 3 nethylbutyloxy)
a&?é‘? Qﬁﬁﬁ@%&m‘é{%‘fﬁ@ carryl ng out the sane
0 (1-6 .Exa Iel 15 with the
excg:fs Zﬁ'zizfggﬂérﬁﬂozl@gmﬂﬁw M%e di-n-octyl diacetoxy
tin obtained in step (8-2) instead of the mxture
obt di%1giaf adisgliate- »s?reowbtabmdmecarrylalcmuéhﬁ Gangsmehod as
of 0.1 nol / L aqueous potassium hydroxi de sol ution
stopd (6220 .of Exarhple36 naitth the exicaptiomlof BIndE224p1 @ 6f themixture
(9-1): Deal kylation Reaction 191.4 g of a m xture

contairing s 8A%2divn-Yetl diticetoxactiny bbthined irostept (831)veWhen 'H-
obt ai ned by carrying out the sanme nethod as step (6-1)

afll "BSHINMR Ondhdilteinafts GErERRIIY 8t B ith] diSfilale, Oiheadrstillate

conposition of deactivated forns obtained using 25 t

“@g%um&@gg@?%@m%eac 9f, Exanple 7 instead of the

conmposition o vated forns obtained in step

(L B (5 AR Ao LS R TR Coppbls 200t e

1754 g of 1,1,3,3-tetra-n-octyl-1,3-bis(3-methylbutyloxy) distannoxane
were obtained by carrying out the same method as step (1-6) of Example 1
with the exception of using 190.0 g of the di-n-octyl diacetoxy tin obtained in
step (8-2) instead of the mixture obtained in step (1-5) of Example 1, and using
334 mL of 0.1 mol / L aqueous potassium hydroxide solution and 280.6 g of

3-methyl-1-butanol.

Example 9

Step (9-1): Dealkylation Reaction

191.4 g of a mixture containing 86.2 wt% of di-n-octyl diacetoxy tin were
obtained by carrying out the same method as step (6-1) of Example 6 with the
exception of using 195 g of a composition of deactivated forms obtained using

the same method as step (7-2) of Example 7 instead of the composition of
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Step (9-2): Separation of Dialkyl Fornms 184.6 g of a
distillate were obtained by carrying out the sane
nmethod as 5 step (6-2) of Exanple 6 with the
exception of using 190.2 g of a m xture containing
86.2 wt% of the di-n-octyl diacetoxy tin obtained in
step (9-1) and neking the tenperature 200C. Wien 1H

deactiviat&®fodviRk ontstined dnestép (1vraf Examnpled1cand asingh281.1 g of
distillate, the distillate was found to be di-n-octyl

aBefe ahRydridd (but hot Gsiag dcetidacid)l koxyl ation of D al kyl
Tin Comhnd(sbul%. 7 Iggof ! oy

L, 1.5le3 (6,00 Separaibl bt BislklyirdrrTet hy! but vl oxy)

di st annox wer e obtained by carrying out the sane

et teR: i) | 7 i
of Ler 5 dFYslaudte ARG pattlind JUITnE KRR Hitthod as
bt ai ned . St (9:,2) ..and usin 92.nm 21 | /.
SR, (S ' Bxado of Mithhins: Pes Bl of it 180 41 o8 % rgure
of  3-nethyl-1-pbutanol, Exanple 10 Step (10-1);
cefigining e Wik B HeR diRBzRAtY| Hiaestoms dint Pé@mﬂ’) iBofiep Gr1) and
Di al kyl Tin Catalyst 20 221.3 g of a 1'1 ture of
making the ttemperatusx200°6. When odt-yandi acn-dMR t ingaaurgments
according to 119Sn-NMR, organic tin conpounds
weoatcarnemgouti an ahisndistitiatep ther distifajeawps uficandt to bk di-n-octyl
chem cal shifts at from-240 to -605 ppm was obtai ned

diacetouyrtii.ng out the sanme nethod as step (7-3) of
Exanple 7 with the exception of using 220 g of a

comzgp {9-8% Akorgawdr ¥PORIkY TIBoMMpoangsd using 25 the
same nmethod as step (7-2) of Exanple 7, and using

1057989 § g1 Trd Sl Bl 1550t P81 o
B SR8 B b OB BT o e

wﬂh_tﬂéogicélptigh% e&s?r);(a/ 181 oot 3 c%—nvlﬁo?:/@yl diacetoxy tin obtained in

step (9-2), and using 292 mL of 0.1 mol / L. aqueous potassium hydroxide

solution and 266.7 g of 3-methyl-1-butanol.

Example 10

Step (10-1): Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst

221.3 g of a mixture of tri-n-octyl acetoxy tin, di-n-octyl diacetoxy tin and,
according to '"®Sn-NMR, organic tin compounds containing tin atoms
demonstrating a plurality of chemical shifts at from -240 to -605 ppm was
obtained by carrying out the same method as step (7-3) of Example 7 with the
exception of using 220 g of a composition of deactivated forms obtained using

the same method as step (7-2) of Example 7, and using 403.2 g of a mixture of
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Step (10-2): Al kyl G oup Redistribution Reaction 5

218.8 g of a reaction |iquid were obtained by carrying

out the sane nethod as step (7-4) of Exanple 7 with

the exception of using 220.1 g of the mxture

obtained in step (10-1) instead of the m xture

obtained in step (7-3) of Exanple 7. Wen 1H and

1509Sy WkRcetiasacidmand s25%4 eg cafr acelic @nhydride hinstead of acetic
reaction liquid, the reaction liquid was found to be a
anhydridea CTind gbnieng of &ri-ti-odtyloadstoxyltinde tiox ynikiurne was 22.8 wi%
tri-n-octyl acetoxy tin and

whilé the Sohint df Bi-Adctl dlacktehpfie Was)e 22 sitgs1noxane, and

the content of di-n-octyl iacetoxy tin was 62.7 wm %

Sor ?&9&ﬁj@?}Qilk%lr(%reo'rq?qg%&&tr%%ﬂ’R’eédtanWaS about
51 F168.7 gl B e 4 L ROy some
Otﬁi‘g und (2_43 %ﬁwmglségjf 1*13{?‘@00m ai n| n 95 2?%439 of the

di st annoxane wer e obt ai ned by carrying out the sa

mMpgre @btained ipstep. @y armmﬁ%vfethf rmmfetwamséatst@m (7-3) of
of using 215 8, m xture obtained in step

Exampte 71 n¥Yhen Ig-f aIMhe SnﬂﬂMFémasawamnts weregaried gyt on this
of 20 Exanple 1, and using 277 nL of 0.1 nol / L

reaplieau iquid| dkei reactipdr liquidewas ofaunido o arel 828ixturg cbntaining
3-net hyl - 1- but anol . Exanple 11 Step (11-1): Separation
dph-Btyl- N- Oglaletdd- Vet i, but yirowetyTi n 28cé8Ryg of ik and
conposi tion of deactivated forms obtained usi ng the

150978 tefrhon se%gcb -Baceidly ﬂlgtﬁhoﬂ%ngxﬁl‘m'tﬁe TcoMé®t of di-n-octyl

pl'aced in pear-'s ape ask hr ee- way

d%%i’ogcy fin Wt bh'ﬁﬁgﬁ)ﬂ tﬁgl ﬁ#ﬁgnvﬂ ﬁtbﬂ?‘ﬁﬁ \ﬁgs fbout

nmeasuri ng a fr tTonati o
3§t BRRDE vl *%%ﬁ%%&ﬁ%é?é’ G Hiedhiragne was

31.8 wi%.

Step (10-3): Alkoxylation of Dialkyl Tin Compounds

200.4 g of a solution containing 95.2 wt% of 1,1,3,3-tetra-n-octyl-1,3-
bis(3-methylbutyloxy) distannoxane were obtained by carrying out the same
method as step (1-6) of Example 1 with the exception of using 215.8 g of the
mixture obtained in step (10-2) instead of the mixture obtained in step (1-5) of
Example 1, and using 277 mL of 0.1 mol / L aqueous potassium hydroxide

solution and 328.5 g of 3-methyi-1-butanol.

Example 11
Step (11-1): Separation of Tri-n-octyl (3-Methylbutyloxy) Tin

130 g of a composition of deactivated forms obtained using the same
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5 to the flask, and the inside of the vessel was

replaced with nitrogen in a vacuum The nitrogen

i nside the vessel was returned to atnospheric

pressure and the flask was imersed in an oil bath

heated to about 230C. After about 20 m nutes, the
pressure inside the vessel was gradually reduced and
métbodiaststep €0-2) offkxampis 7weere placed ar @ $0@mb peheshaped flask,
tenperature of the 10 conposition of deactivated forns

a ¢aekadaybeiNe, 2a0distifatival colurgh Spadiedt with Hefipack No. 3 and
term nated when the pressure inside the vessel reached

nidwiiining: 45 kRe.in #Ehgtﬁ?i at frhtidratidRInEss | S4Giph8& 1 Whn t & Creflux
to 9Sn- NVR

flask were subjected to 'H and 1
P

BRSNS Ferpstekl B8 ol S0t andia themomter were, aftached

f k i ned ,77. 2. W % of 15 . . .
tq e p SRLYRE Aigf ‘o, Yefie e eplacsPop nitogen in a
di st annoxane, . and accqrdi to 119Sn- NWR, s, found )
VRGN, 5 NSt DtOGG G B (NESSBYRIABBRE aft:; HIOSPheric
tin atons denonstrating a plurality of chem ca
pegfstre and theoflaskow@st inmeo®mdpiingn ojilhbaih heatedg. abapte230°C.
the resulting distillate and 100.1 g of residue inside
Aftes abbuh2Q. mipuitest, dbhe (presre issidetthe wesselbwas gnadually reduced

Reaction of Deactivated Fornms of Dialkyl Tin Catal yst

afd. thegdistilléd eomponents twere3reveivbydd whdroihe témperature of the
obtained in step (11-1) were placed in a 300 nL

cﬁmbsni@apsfﬂ dehaflaté®! foANE deB¥hbd kil 210°C . OfFiril 2 Cc:ﬁistg!ation

f  acetic anhydride and stirring for 1 hour at

wasaehmhRiaRdd Whettie presSOid RBRR e festel F‘éééﬁlé]c_igé’tﬂﬁrlfﬁ‘i kPa.

connected to a distillate collector and a

THES R S SO i e, e s
rglhebe B8 okDRate TR o Sudla B adl B9, e
reduced, .and the excess acetic anhydride and so forth

regidee i stinideg ofther o oflagkn 2xcantgngd o 77.2 wt% of

1,1,3,3-tetra-n-octyl-1,3-bis(3-methylbutyloxy) distannoxane, and according to
"°Sn-NMR, was found to be a mixture of organic tin compounds containing tin
atoms demonstrating a plurality of chemical shifts at from -240 to -605 ppm.
There were 28.9 g of the resulting distillate and 100.1 g of residue inside the
flask.

Step (11-2): Substituent Exchange Reaction of Deactivated Forms of
Diakkyl Tin Catalyst

27.4 g of the tri-n-octyl(3-methylbutyloxy) tin obtained in step (11-1) were
placed in a 300 mL pear-shaped flask followed by the addition of 27.2 g of
acetic anhydride and stirring for 1 hour at 25°C. A fractionation head

equipped with a reflux condenser connected to a distillate collector and a
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5 residue inside the flask. Wen the residue was

subjected to 11-1- and 19Sn-NMR neasurenents, the

resi due was determned to be tri-n-octylacetoxy tin.

On the other hand, 99.4 g of the residue containing

77.2 wt % of

1,1,3,3-tetra-n-octyl -1, 3-bi s(3-net hyl but yl oxy)
tiemnemeteranercobttacheeidta thesflagk, didl Gftér igplacing thbdnside of the
in a 500 nL netal pressure vessel followed by adding

flask Vit nidfoganshi £ vaclud! titeflagildwatiimmérded TH %n”@f! Bhth heated

pressure vessel was then immersed in an oil bath
th e t'ﬁw@%gsélﬂg fﬁ%ﬂeeﬁ'lé %séelh%ﬁs rd@lfutaﬁ\z reﬁPEé’rW BHd the
t he net pressure vessel to cool he Vi

HEEER LEEHE i tifiae (FROBS 10 we péiaﬁﬁ%%ﬁ‘ Bt 25.9 g of 2
. i ona h e vvlth refl ux

kRl PBRle 3he "fiadk LR tod) Iehids S sHR %tﬁﬁnfﬂetél and

1er achedtotheflask and the inside of th

PR achi I, Deairermentsuine fesiduciyen delered L bie torosidacstory

by inmersing the flask in an oil bath heated to 50C.

timhe pressure inside the vessel was gradually reduced

and the isoanyl acetate and excess acetic anhydride

wer éonli thei othet bahd 2094 ghofatie Iregidieg cohtaim'ag doe.2i wt% of
the flask. Wien the residue was subjected to H and

118 313-tdtfa-nree b 1cdrbis 3-méthglbuedoxiy edistenritiiate MobRthdd in step

be a mxture containing di-n-octyl diacetoxy tin and

(Tt-9% dret bl'a@é@tlﬁxd 200 m@rﬂﬁ’etbh%reééﬂﬁé Qtissef f&l|ow1=,;aﬁgwédding

di acetoxy tin in the residue was 77.8 wt % whi

199!@ Y5 REE aﬂﬁgélﬁdé ?ha%gh‘ﬂ'?% i H?e‘i If&re&gt‘tﬁ‘e/ﬁesg@ was then

th re was m x previ ous

rhfdd o LA bl m Ao T o Arer
aFoi e rb@%éé&édf%%%étﬁf b ol shsaSh Sipspature
(é";qusxtztsﬁgﬁ itiagép?\;ems wrg;tl-:' ?ra%slfer}re% tT)I ; rs(()l enr11L ?)tegﬁz Qgéée flask. A
fractionation head equipped with a reflux condenser connected to a distillate
collector and a thermometer were attached to the flask and the inside of the
flask was replaced with nitrogen in a vacuum followed by immersing the flask
in an oil bath heated to 50°C. The pressure inside the vessel was gradually
reduced and the isoamyl acetate and excess acetic anhydride were distilled off
to obtain 107.2 g of residue in the flask. When the residue was subjected to
'H- and "9Sn-NMR measurements, the residue was determined to be a
mixture containing di-n-octyl diacetoxy tin and n-octyl triacetoxy tin, and the
content of di-n-octyl diacetoxy tin in the residue was 77.8 wi% while the

content of n-octyl triacetoxy tin was 22.1 wt%. This mixture was mixed with

the previously obtained tri-n-octyl acetoxy tin and used as the raw material of
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5 of using 132.1 g of the m xture obtained in step
(11-2) instead of the m xture obtained in step (1-4).
When 'H and 119Sn- NMR neasurenment were carried out
on this reaction liquid, the reaction |liquid was found
to be a mxture of di-n-octyl diacetoxy tin and
n-octyl triacetoxy tin, and the content of di-n-octyl
thie subsequentistep (1Bl m xture was 95.1 wt% 10 Step
(11-4): A koxylation of Dialkyl Tin Conmpounds 120.0 ¢
of &Btepl(dti3prAlkeinEriup Redistiblitioh Rexdction
1,1,3,3-tetra-n-butyl -1, 3- bi s(3-nethyl butyl oxy)
di StEMOXRHE AeeActiont ﬁ?medubae fEdovVEréd bYUEarnifig Seitethe same
nmet hod as step (1-6) of Exanple 1 with the excéeption
[ r; : [ i :

TR SIS 1 D8t Syt 1R AENIBEeh oo Sp ARSIt Exception

- B) . ' ) _ .
oI Tob 1 Dot o THRTRD ifaind . 9504172 el of the moure

4. of . 3; hyl ~ 1- byt anoj 119 e 12 Ste 12-1): .

obngath Serni it ST 418! eon iR eas e ert Were carried
3?.2 .of a di sﬁ_i |l ate and 109.0 I% of a residue in the
ouf Q0 g reagtiamfiqdid, the reastion figuiduwasfeusdre hetansixture of
as Step (11-1) of Exanple 11 with the exception of
dirsrogdylidiacetoxy tin anghporstyl siacetoxydit tandathedcontent of di-n-octyl
obt ai ned using the sanme nethod as step (7-2) of
diacatptydivin thizamixtiie vasl93 ISA%IVR  neasur enent wer e
carried out, the distillate was found to be
tri -Slep¢l i) Zkédiatirof Dialkyl TyTokipounasd the resi due

in the flask was found to be a m xture 118 contai ning

78. 120t04Phf a solution containing 94.4 wi% of 1,1,3,3-tetra-n-butyl-1,3-
11,3, a1 er a Aohul VIS AT (3o et byl Duty 1exy T e ou

b? §mﬂ87§%§g%)@quisf%gﬁﬁ?ghé‘g¢¥ér% &ﬂt%%d\'Wé?eﬁhgﬁgio%ttthg same

nDolun f inrn I Ln ors ]Ejem)ns2 a 2
i ' i 24 .
bt o QI Sl Loy e R i G Tp Y or e
Tin. | 32,1 -

reastioB i, PR in SR bl iReigarh plehe reagtiom awi,aptained in

step (1-5) of Example 1, and using 312 mL of 0.1 mol / L aqueous potassium

hydroxide solution and 194.3 g of 3-methyl-1-butanol.

Example 12

Step (12-1): Separation of Tri-n-octyl (3-Methylbutyloxy) Tin

33.2 g of a distillate and 109.0 g of a residue in the flask were obtained
by carrying out the same method as Step (11-1) of Example 11 with the
exception of using 143 g of a composition of deactivated forms obtained using
the same method as step (7-2) of Example 7. When 'H- and "°Sn-NMR
measurement were carried out, the distillate was found to be tri-n-octyl

(3-methylbutyloxy) tin, and the residue in the flask was found to be a mixture




10

15

20

25

pl aced in a 300 nL pear-shaped flask followed by the
addition of 23.2 g of acetic anhydride and 17.7 g of
acetic acid and stirring for 1 hour at 25C. Wen the

sol uti on was sanpl ed and anal yzed by gas

chr omat ogr aphy, isoanyl acetate was confirned to have
been fornmed. A fractionation head equi pped 10 with a
cpafaining cofBechsewt%onwéct ¢d,3,8-tatrdirnsbityl-d13:bis(3-methylbutyloxy)
and a thernonmeter were attached to the flask and the
distsnntxank anitk aczesdihg Wa s *SepNRIR; brgahie timtompoands toataining
vacuum fol l owed by immersing the flask in an oil bath

tiheadme de@nor%i@ting@pmﬁﬂ? BF Bhémidall Shifte &at YRHS S240MB5-605 ppm.
gradual Iy reduced and the isoanyl acetate and excess

aceldgp ggﬁfsnﬂfst rﬁﬁ&l %hbm L:nto? [ﬁé’lggl 'ﬂn%étélygt

of 151 eiln-t e resi

> ookt e e IS ImEh M Ryok DR GEATK .pfﬁsp £2-1) were
he 8:}1“:? ' n pég?—sﬁagecf) ﬂaspefolli(?vg’édd %y t %néé‘d,{‘ t':JH gof7ég3% g of

-tetra-n-octyl -1, 3-bi s(3-net hyl buty ?
aaetﬁ éﬂhwsl%% 9(5'!§|t A7 fe@ ohasetis actdlgnq!)stmn@ fsr dc bgur @t 25°C.
500 nL nmetal pressure vessel followed by adding 20
Wihen thegsaletierwas samniod endanalyreridsgas chramatogaptyt isoamyl

and stirring. The netal pressure vessel was then
acetate v confamedi fo bavé beentfermed. 2A0adtiodatienthedd équipped
3 hours. After allowng the netal pressure vessel to

withad réfluxt benderseridonnetted foadistinaes abliéctof akduw thérometer
the contents were transferred to a 500 nL pear-shaped

wet@sftacheli RCHHO Ak Uhd §7 iRgde RiTeMeWddset was 'ré'ﬁSIaced with

condenser 25 connected to a distillate collector and
HHRBETEIY Sl b il L B ioaes o
{5t oIt Brashine it 1R Eeotel e Gck A el S, e sdamyl
a%%le?q”%'n' ) RHGRRS GEoUiePnyRads Wele aistieq ofhda; obiai 39.8yg of
resi due in the flask. Wien the 5 resi due was

f@&ﬂﬁatﬂ flaski HWhea the gesidnervas subjestashios 'Ht aad "'°Sn-NMR

resi due was
measurement, the residue was found to be tri-n-octyl acetoxy tin.

On the other hand, 108.8 g of the residue containing 78.1 wt% of the
1,1,3,3-tetra-n-octyl-1,3-bis(3-methylbutyloxy) distannoxane obtained in step
(12-1) were placed in a 500 mL metal pressure vessel! foliowed by adding
121.6 g of acetic anhydride and 78.5 g of acetic acid and stirring. The metal
pressure vessel was then immersed in an oil bath heated to 200°C and heated
for 3 hours. After allowing the metal pressure vessel to cool to the vicinity of
room temperature (about 25°C), the contents were transferred to a 500 mL
pear-shaped flask. A fractionation head equipped with a reflux condenser

connected to a distillate collector and a thermometer were attached to the flask
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determned to be a m xture containing di-n-octyl

di acetoxy tin and n-octyl triacetoxy tin, and the
content. of di-n-octyl diacetoxy tin in the residue

was 77.6 wt%while the content of n-octyl triacetoxy

tin was 22.3 wt% This mxture was mxed wth the
previously obtained tri-n-octyl acetoxy tin and used

and thdinsid of the fiaskewnaslreplaced avithubitregasrin asyaquugn fol®wed by
Step (12-3): A kyl Goup Redistribution Reaction 145.3

inlimefsifg He@ dkaisRn! Arfl Bil hath 'edted Wy ¢, byTheapressage ingide the
the sane nethod as step (1-5) of Exanple 1 under a

h Il 8betafe Wridnexddds aceti
VS RS AR Fefueld e Sa Seuale G Soct

b@gd &%ﬁé girsﬁligngﬂ"\@%%télﬂ 1%‘7620 o réRiaRé it Ak, 1 When the

measure nts were carried out

on,this reacti.on
RS SRR 0 %w*@@?ﬁgﬁ?%“sﬂﬁ&iﬂg oo ves
n- oct triacetox | di C
defeRoinadi )0 15, 3 ﬁn%m nma* fing, 4 o8oh flagdta) eﬂ" "8 h-octy
(12-4): Regeneration of Dialkyl Tin Catal yst fro
trizcatadyitinriand the coptent@f dtnicz@vlﬂ'gceipxaéﬂaan the Eﬁﬁldue was 77.6
containing 94.7 wt%of 1,1,3,3-tetra-n-butyl-1, 3-
wiffoshide e onyéntxgf netictyl trinostony tinewasol2 3i with. by his mixture
carrying out the same nethod as step (1-6) of Exanple

was whixadtviith thee pravieusly bbtained trihdo Qylgaastoxyhtin andassedbas the
liquid obtained in step (12-3) instead of the reaction

rdvlrﬁﬁ#tén@lbif@hé‘%dbséti%t%!@(i)gﬂ-sﬁ) of Exanple 1, and

using 322 aqueous potassium 120

hyd etﬂ%égwy:g}gagqagdg%ﬁuﬁoﬁhe%cﬂsﬁhy' 1- but anol .

Exanp tituent Exchange Reaction
g o?ﬁ?ﬁ 61‘ ?dregl?.{l |I%£il dogeaaaljg‘éél/? #;PW@ ofif thé same
OIIthr.)ci as glep (1-5) of Example 1 under a nitrogen atmosphere with the
exception of using 146.5 g of the mixture obtained in step (12-2) instead of the
mixture obtained in step (1-4) of Example 1. When 'H- and "°Sn-NMR
measurements were carried out on this reaction liquid, the reaction liquid was
found to be a mixture of di-n-octyl diacetoxy tin and n-octyl triacetoxy tin, and
the content of di-n-octyl diacetoxy tin in the mixture was 95.5 wt%.
Step (12-4). Regeneration of Dialkyl Tin Catalyst from Dialkyl Tin
Compounds
129.1 g of a solution containing 94.7 wt% of 1,1,3,3-tetra-n-butyl-1,3-
bis(methylbutyloxy) distannoxane were obtained by carrying out the same
method as step (1-6) of Example 1 with the exception of using 144.3 g of the
reaction liquid obtained in step (12-3) instead of the reaction liquid obtained in

step (1-5) of Example 1, and using 322 mL of 0.1 mol / L agqueous potassium
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di propi onyl oxy tin and, according to 19Sn-NVR, organic
tin conpounds containing tin atons denonstrating a
plurality of chem cal shifts at from-240 to -605 ppm
wer e obtained by carrying out the sanme nethod as step
(2-1) of 10 Exanple 2 wth the exception of using 215
g of a conposition of deactivated form obtained using
hydexidensolotivrnadd 2428 gpf G7majhyb{l-liitanpl e 7 i nst ead of

t he conposition of deactivated forns obtained in step
(1-2) of Exanple 1, and wusing 317.9 g of propionic
anhydri de inst ead of acetic anhydride. The content of

trl%ﬁfﬁ 4a3propi onyloxy tin in the mxture was 22.8
% e the content of 15 di-n-octyl dipropionyl oxy

ti n UBeactivated Forms of
Redl ri butl on "lﬁe E[I on % ﬂe%%goﬁ(gctgﬁgnl | qui d

red by carrying out the sanme nethod as
D\Aﬁkﬁﬂlﬁﬁi‘%ﬁlﬁt Example 2 with the exception of using
223.

i nst233% gfg :‘IP}: ‘i’nmi'%('tﬁ&%go& hg'gg?tbf EQ?D?&%V b, V\ﬂ'eﬂ octyl

"H and 19Sn- NWR rreasurerrents re carried out on th
dinsapionyiexy | tIQuaﬂd t&ﬁé‘rofdéﬁgtt%n\of WUWM&Q?'&'GnH“t 80'5'(5’0”""5
a mxture containing di-n-octyl dipropionyloxy t
confaining tinyatomsajemonsteatingt a plurality of chemical shifts at from -240 to
1,1,3,3-tetra-n-octyl -1, 3-di propi onyl oxy di st annoxane,
-608! pphe werat sbithinetl bylicanying vut dhe samemethag as stepa2-1) of
63.0 wt% the content of tri-n-octyl 25 propionyl oxy

Etxbfhﬁ{@? WA Yhe X0k Qloﬁ@ﬂ‘ dsh'@] 295i8f addompdsition of deactivated

,1,3,3-tetra-n-octyl -1, 3-di propi onyl oxy di stannoxane

f(%iﬁ?] é% nng%%"ﬁ].lg/?ng 1§%e§aﬁ1é31p§1hod“{a§ QP N rbeEx%ﬂbk'E’hnstead of

tion 'containing 9

tﬁsé ShBbaat R T ke GGrerEpppe T o
st 283w ool B adleg; Thg comen

mxture obtained in step (13-2) instead of I?ﬁrn‘ ?
op i-arordyl prapignylexy tinsin mixtufe was 22.8 wi% while the content of

di-n-octyl dipropionyloxy tin was 63.4 wit%.

Step (13-2): Alkyl Group Redistribution Reaction

222.5 g of a reaction liquid were recovered by carrying out the same
method as step (2-1) of Example 2 with the exception of using 223.2 g of the
mixture obtained in step (13-1) instead of the mixture obtained in step (2-1).
When 'H- and ""°Sn-NMR measurements were carried out on this reaction
liquid, the reaction liquid was found to be a mixture containing di-n-octyl
dipropionyloxy tin, tri-n-octyl propionyloxy fin and
1,1,3,3-tetra-n-octyl-1,3-dipropionyloxy distannoxane, and the content of
di-n-octyl dipropionyloxy tin was 63.0 wi%, the content of tri-n-octyl

propionyloxy tin was about 5 wit%, and the content of
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Exanple 1, and using 322 nL of 0.1 nol / L aqueous

pot assi um hydroxi de solution and 298.8 g of

3-met hyl - 1-butanol. 10 Exanple 14 Step (14-1):

Deal kyl ati on Reaction 238.7 g of a m xture contai ni ng
86.0 wt % of di-n-octyl dipropionyloxy tin were

obt ai ned by carrying out the sane nethod as step (6-1)
101, 3 Bxtetmateobtyl-Wi 3-tiprowionylorp distanmdxanei was 200 wtl%f a
conposition of deactivated forns 15 obtai ned using the

sangtéet1md): aﬂkéiyﬁ?élldﬂoﬂ)laﬂ{yl Fe0bhpotntsst ead of the

corrp05| tion of deactivated forns obtained in step

aC| j)gl o tdggﬁ %Slﬁonaé%taW@@Z@%'% ®fod, 1g5 Sﬂéﬁﬁirﬁoctyl 1,3

acetic acid and using 340

t
bt’sﬁ%ﬂb@aﬁ’w YREpnRe T e BtElneg BY 'Sf P ARE same
tlllate ai ned LI
riadford gsaep {16 EBmE Bafioe'olipbith, qi“%i@?%@.%ﬂ of the
of usi n 237.1 of the m xture con
mitug OtAieq in a!geprear%\nww S heBpRined; '86%9 (1-6) of
(14-1) and nmaking the tenperature 200C. Wien 1H %
Exaogie Nmnfbugmge%%traL QK&E@ g} f iLle@deepuUS ROtaSSIUM hydroxide
distillate, the distillate was found to be di-n-octyl
sﬁ!ﬁstidhanﬂtZQ&Stgi of. 3-izh@t epufahol.3) : Al koxyl ati on of
Di al kyl Tin Compounds 211.3 g of a m xture contai ning
84.5 wt%of 1,1,3,3-tetra-n-octyl-1, 3-
bi s(3- et hyl but yl oxy) di stannoxane were obtai ned by

car resﬁmﬂgqu the sane nethod as step (1-6) of Exanple
e exception of using 237.1 g of the 5 mi xture

con@%ﬁgp‘g_1 Qal I%El&ﬁﬁ#}%&gh n-octyl dipropionyl oxy

tin ined Tn's nstead of the reaction

4782813 W by e B R R e B o
wse% uc;bltglﬂeg%y cgrA'rying out the same method as step (6-1) of Example 6
with the exception of using 230 g of a composition of deactivated forms
obtained using the same method as step (7-2) of Example 7 instead of the
composition of deactivated forms obtained in step (1-2) of Example 1, and
using 195.2 g of propionic acid instead of acetic acid and using 340.2 g of
propionic anhydride instead of acetic anhydride.

Step (14-2): Separation of Dialkyl Forms

191.9 g of a distillate were obtained by carrying out the same method as
step (6-2) of Example 6 with the exception of using 237.1 g of the mixture
containing 86.0 wt% of di-n-octyl dipropionyloxy tin obtained in step (14-1) and
making the temperature 200°C. When 'H- and "'°Sn-NMR measurements

were carried out on the distillate, the distillate was found to be di-n-octyl

diacetoxy tin.
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of 3-nethyl-1-butanol. 10 Exanple 15 Step (15-1):

Separation of Tri-n-octyl (3 Met hyl butyl oxy) Tin 43.1
g of a distillate and 146.1 g of a residue in a flask
were obtained by carrying out the sane nethod as step
(11-1) of Exanple 11 with the exception of using 190
g of a conposition of deactivated forns obtained using

t he Stepr¢14L3): Adkdwodation oitlleyTTﬁDCompExtadsl e 7. 1H and
119Sn- NVR neasurenents were carried out on the

di sifhlRlge of i nhikiiré esdrisifirig 84 Wthadf. 1,T&3-tetra-n- octyl -1,3-
distillate was found to be tri-n-octyl

b&gﬁ 'ﬁ?éthgibﬁylé{igﬂ] XJistannBxarlé %vér%sb%ﬁwéd‘m}lg}?gyiﬁ@ loutathe same

xture contalining 77

3 ( BHtf!

itiod el SeEha 1 S EXPe T T o OBI RGN i 237,19 of the

i n _conpounds t &y tin at denon '
namr%p{%m@g SR Elaordfip -8 ;qum SR Bahad i step

(15-2): Substituept han cti of

(HAbinsiaad.s! ths feaeion MuMGHamER Ioatep A Bgne 1, and
the tri-n-octyl (3-nmethyl butyloxy) tin obtalned in %
uging-396 mdrof 0.33n9l/dcaquieousaPAassiHn pydrpxide-galdtian aaqt 35454
foll owed by the addition of 28.7 g of 123 propionic
ohBirdethyt 1 Solitdng). of propi oni ¢ anhydride and stirring
for 1 hour at 25C. When the sol ution was sanpled and
anal yzed by gas chronmat ography, isoanyl propionate
was confirnmed to have been forned. A fractionation

heagy gAged with a reflux condenser connected to a
d| stlllate collector and a 5 thernoneter were attached

o S £ it Ty vyt
TP Bhefe B B985 g 86RBGn TR tofinea by
cgpqﬁgmtgk%%}r&éﬁg@ pgxs%gg’ %140-1?81L E%r%p?e 1? vtk the exception
of using 190 g of a composition of deactivated forms obtained using the same
method as step (7-2) of Example 7. 'H- and "'°Sn-NMR measurements were
carried out on the distillate and the residue in the flask. The distillate was
found to be tri-n-octyl (3-methylbutyloxy) tin. The residue in the flask was
found to be a mixture containing 77.6 wit% of
1,1,3,3-tetra-n-octyl-1,3-bis(3-methylbutyloxy} distannoxane and, according to
"9Sn-NMR, organic tin compounds containing tin atoms demonstrating a
plurality of chemical shifts at from -240 to -605 ppm.

Step (15-2): Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst

42.2 g of the tri-n-octyl(3-methylbutyloxy) tin obtained in step (15-1) were

placed in a 300 mL pear-shaped flask followed by the addition of 28.7 g of
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distilled off to obtain 41.1 g of a residue inside the
flask. When the residue 10 was subjected to 1H and
119Sn- NVR neasurenents, the residue was deternmined to
be tri-n-octyl propionyloxy tin. On the other hand,
145.1 g of the residue containing 77.6 wt% of the 1,
1,3,3-tetra-n-octyl -1, 3- bi s(3-net hyl but yl oxy)
prborio peichand Sht5g of propionistanhyddde andwsdiringfarcchiounat25°C.
500 nmL netal pressure vessel followed by adding 15
Wiséh thedsalitichi @k @aintpled iatidanthiy226l by gas thrumosatography, isoamyl

anhydride and stirring. The netal pressure vessel was

pldPiONAtETWa%E ConfirABd Otd  Hideh Heent #6imied.20C fesdtionation head
eated for 4 hours. After allowi ng the netal pressure

h
eiﬁé@ggb \B{Egé’qjteﬂhﬁ? ddhien¥sF icBhh¥cteb fcf%”dfsﬁlﬁ’t@r ééll%cgor and a

e contents were transferred to a 0

ni. _pear.-sh d.fl . fr j t ] : j
W RRACEE RS osbreRB ot K, SR, offh, SERGRTP iide of the
coll ectaor and.a thernoneter re attached, .to th
fiapl WEN-HOBRR If ASYRRYU. DRIATkaNRS Wiersd in g qlf bath heated
nitrogen in a vacuum _ followed by innErsirwyth fl ask
te BO3E. oi Thep Rressweaitiesidectheovessel ewas dyadyal irﬁgﬁ'@? 3 the
vessel was gradual |y reduced and the excess propionic
ispaimyl prapiopateiandi excessyriopienicwecis andtnropiedioaphydyide were
obtain 167.7 g of residue in the flask. 25 Wen the

distiled udf tsasbtairbjddct gdoft a résiduaridsidedBe-fldeR.  When the residue
measurenent, the 124 residue was deternm ned to be a

wasX lsubfectat R HIg aflld- A9gatNMRIi meapiremdmsy the nresidue was
n-octyl tripropionyloxy tin, and the content of

de{ernﬁﬁéqtdbﬁitrﬂh%&tarrpfbmsh#dxp tifn the residue was 77.0

w % whil e the content of n-oCtyl tripropionyloxy tin

was Or??théy%é% HaHd ﬂéﬁubeof@ﬁe”@éﬁﬁé”c%}éiﬁﬁg 77.6 wi% of

pr evi ous ained tri-n¥ocC 5 propl onyl oxy“tin an

us t.he ra rial o h ubseg: . .
6T 8 S PSR iy e PR s3F8,, cbtained i

Reaction 205.9 % of a_reaction liquid were “e ovea%d ddi
stgp (4 1), WRES BlACSd e sl minmek) PrassWedespel floed by adding

Exanpl e 1 under a nitrogen atnosphere with the .

128.9 g of propionic acid and 226.7 g of propionic anhydride and stirring. The
metal pressure vessel was then immersed in an oil bath heated to 200°C and
heated for 4 hours. After allowing the metal pressure vessel to cool to the
vicinity of room temperature (about 25°C), the contents were transferred to a
500 ml pear-shaped flask. A fractionation head equipped with a reflux
condenser connected to a distillate collector and a thermometer were attached
to the flask and the inside of the flask was replaced with nitrogen in a vacuum
followed by immersing the flask in an oil bath heated to 80°C. The pressure
inside the vessel was gradually reduced and the excess propionic acid and

propionic anhydride were distilled off to obtain 167.7 g of residue in the flask.

When the residue was subjected to 'H- and "'°Sn-NMR measurement, the
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exception of using 207.2 g of the m xture obtained in
step (15-2) instead of the 10 m xture obtained in step
(1-4) of Exanple 1. When 1H and 119Sn- NWVR

measurenents were carried out on this reaction liquid,

the reaction liquid was found to be a m xture of

di -n-octyl dipropionyloxy tin and n-octyl )
rédidpe oRisadvtenminedttorbe amixtune coatairing difn-aiétyindiptapionyloxy tin
di propi onyloxy tin in the mxture was 91.0 wt% Step
aﬁaﬁ-é}étyl tﬁ:plréwhﬂbkpﬂn,oén@traé bomtent of diavpotyhdipragiohylbx® tin in
g of a’“so

sol ution contal ni ng 90. 8 w % of

t%‘? gef-s'?d@é Ul 77 0 itk Whnife e Ebﬁ{e'ﬁt P byt Erprepighyloxy tin was

annoxane were obtal ned by carrying out the sane
. (1-6) _af _F . i . HOR_ .

287 §Rhq DT TRvlHsy W mELRIR hdplckidlily tRERigHORn-octy

t 15- i nst ead th ti ' ' ' [
PR (g i apdiseiasing ol elld) F e, i deRRpPeRE 1570,

L t [ 20 hyd id lLuti d 284.1

o Pan {1t B Ak Ghp RestIRBLBOR RSBREN L. 1) ’
Production of Dial kyl Tin Catalyst 893 g (2.48 nol), of

di - 2053 @ of ianrenatien licsichyerecrasaneedoh¥nsaBIRg @yt the same
25 Ltd., Japan) and 2403 g (23.6 nol) of )
niethotyds Btdput(&5)| ofExampleadednder @ Biegenlatnegphere with the

vol unetric pear-shaped flask. The flask was connected

e&@eﬁtﬁbrﬁﬁﬁ@ﬂhgw.z yofheé ehixiuae obtained ire stepn( 16i-2) ibstelad of the
equi pped with a tenperature controller, a vacuum punp

n?ﬁﬁﬁré MAainea FPRteP! (Hed). of IExamplee1 v alwviewUH-eand"'°Sn-NMR
|

S evaporator was connected to a |line containing

n@#%séu?%@@pﬁ%ﬁelﬁé eﬁh\l;éq 8t %ﬁ?ﬁl‘tﬁiﬁlreéctﬁfr?ﬁ Bethe¥eatjon liquid was

pur gé val ve e evaporator to reduce
I NS t J . | . .
fEEh 08 bl Eond e Ao §F YR Bolif Binrppionyioxy
3 i BalePh LA B e RS RS kb 38 o1.0 wie
imrersed in the oil bath _and rotation of the

evapdent b9-AAtkexylatien of Rialled THRGOMRPUNGE about 40

mnutes in the
171.5 g of a solution containing 90.8 wt% of 1,1,3,3-tetra-n-butyl-1,3-

bis(3-methylbutyloxy) distannoxane were obtained by carrying out the same
method as step (1-6) of Example 1 with the exception of using 204.6 g of the
reaction liquid obtained in step (15-3) instead of the reaction liquid obtained in
step {1-5) of Example 1, and using 332 mL of 0.1 mol / L agueous potassium

hydroxide solution and 284.1 g of 3-methyl-1-butanol.

Example 16

Step {16-1): Production of Dialkyl Tin Catalyst

893 g (2.48 mol) of di-n-octyl tin oxide {Sankyo Organic Chemicals Co.,
Ltd., Japan) and 2403 g (23.6 mol) of 2-ethyl-1-butanol were placed in a 5000

125



10

15

20

25

10 presence of atnospheric pressure nitrogen with the
purge valve of the evaporator |left open, distillation
of 2-ethyl-1-butanol containing water began. After
maintaining in this state for 7 hours, the purge valve
was cl osed, pressure inside the systemwas gradually
reduced, and excess 2-ethyl-1-butanol was distilled
mii vblunedrip peasshaped $iadie. t Tbe fiask avasacofnested 40 tam egporator
kPa. After the 15 fraction no |onger appeared, the
té Maidh was doriretedlan Gil bath eqdipped with A ttempesdtlumncortroller, a
the flask to cool to the vicinity of roomtenperature

vaéiirh: plifp RIAHOE vialNA YestrORSNETH lige | valv Coutles of this
pressure inside the systemwas returned "to

CTHFAPRICHHS SHEHALD 4 8 ST 44 ol

ained I'n ased on

ok, Al BB D Go NG 5 e Brapofy e prssurs
Sl BR800 B SS90 R, o Sea 4 S flrofen o

procedure was then repeated 12 tinmes to_gbt aig ?‘ t ot al
flow intatie gystem and return to normal pressure. The oll bath temperature
1,1,3,3-tetra-n-octyl -1, 3- bi s(2-et hyl butyl oxy) )
wiisssatrio abmué 165t@ pthelflask) waginmersedin Hie ghbetnaed Agtagion of
Ester and Recovery of 25 Conposition of Deactivated
tierewmporatdr alvly | started Cat Afters heafifg Gaor babdut 40i dhipstesr in the
was produced in a continuous production apparatus

rédehcehaf steyd¥pheficFpfessdre nitrogen with the purge valve of the
pl, 1,3,3-tetra-n-oct yf)- 1, 3-bi s(29et hyl but yl oxy

eggéél%@&oré?ﬂ;Sp@ﬁ,oﬁiQﬁﬁ’éﬁdmof bﬁ‘etgglg’g%té’fﬁﬁ Cddn%ﬁin?bﬂ‘é%r began.

supp d at the rate of g/ hr fromftransfer

A Ao SRS 6, % HRRAaiOeR 06 hresaure

. di. ter of 151 mm angd effective l.ength

inSiGE S0 swlerd war Bty iecEEht. Aol GHtels (4-gtiE 1 -SUnol was
columm 101 was supplied at the rate _of 260 L. hr

dystilad witth rec prassyee nside, dhe sysigny af éwaéf’i‘a 25 Kpay gter the
reaction vessel 102 was controlled to 160C b% a.
friactior maaiengesrppeared.1the flask was takens gut ofidRe i bathed After
to about 120 kPa-G

allowing the flask to cool to the vicinity of room temperature (25°C), the purge

valve was opened gradually and the pressure inside the system was returned
to atmospheric pressure. 1114 g of reaction liquid were obtained in the flask.
Based on the results of '°Sn-, 'H- and 'C-NMR analyses,
1,1,3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy} distannoxane was confirmed to
have been obtained at a yield of 99% based on di-n-octyl tin oxide. The same
procedure was then repeated 12 times to obtain a total of 13380 g of
1,1,3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy) distannoxane.

Step (16-2): Production of Carbonic Acid Ester and Recovery of

Composition of Deactivated Forms of Dialkyl Tin Catalyst
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10 with a pressure control valve. The residence tine

in the reaction vessel was about 17 m nutes.

2-ethyl -1-butanol containing water at the rate of

12344 g/ hr fromthe top of the reaction vessel via
transfer line 6, and 2-ethyl-1-butanol at the rate of

958 g / hr via feed line 1, were punped to

di stGdrbanicaacid @lstﬂrma@proqlmeldeln avcohtimgous paductiorapparatus
Packi ng and provided with reboiler 111 and 15

like® nerets @hokl iho RIGK r . outl, ti3s3-tettarhiootylplyB-bis(2sathybutyloxy)
In the top of distillation colum 101, a fraction

dREAHRIXANBIpRINCEN iARRERBhALT dasaibahbBbvdasas eagplieddt the
by condenser 121 and recovered from recovery l'ine 3.

rate’ &f 6GFh \92;‘ R %ifa%fé%rlme Hﬁﬁto%‘?’ﬂ thecradchﬁant\aeeger 102

reaction vessel via transfer | ocated in

oL VR 3 1 g i by s & 151 o
ad ghigchvg fanif %é@f‘@y' b”?‘rs*"é%?*@ﬂﬁk}ﬁau%m@sd with distilation

B89 iRt oa e SE R Bty o

film evaporator 103 via transfer line 5.
liquidt teynperature dnsideveeactipa tvasiset 1621 was cqrrhrdiedrtpnil60°0 by a
evaporator 103 and returned to colum-type reaction

heates edndl Bsbailea 122, anddbespress@e, was adjtisted | torab@itald0 kPa-G
transfer line 4. The al kyl tin al koxide 127 catal yst

WHOD pPéddupd comfropyamed Themesidenbetintarirnthe Reattibnlvessel was
evaporator 103 via transfer line 7 and supplied to

I 12344 g /
?hﬁ@t?ﬁi@ui’%‘l ?;—éﬂg?mfﬂt%ﬁdl O'Bg\}é]ﬁllng \g%\ter%‘t*?hé’frate of g

ht frbn ths ‘rogf B\a H?e tr:)(‘r{an élggggl' \ﬁ% %F]aﬁfsl?%ﬂ I@aet %ogﬁd )Z-ethgl -1-butanol

di st annox n di

ol Fafpr gpe sg%r &, R Rt ot frBBEe 56 distlficn Bhiymn 101
paRe G Mala SR EF CIPasking and oBievideis &i&”‘f%‘r&ﬁrﬁr and
time was adjusted to about 4 hours, and a reacti

conderser 12t tesgarnn ogt @tstrjrlatme,cpurﬁﬁgfrw kyl|n thentep r@é)grgglatlon

catal yst conposition was carried out to obtain a
cokmen 10h, a fraction containing a high concentration of water was condensed

by condenser 121 and recovered from recovery line 3. Purified
2-ethyl-1-butanol was pumped to column-type reaction vessel 102 via transfer
line 2 located in the bottom of distillation column 101. An alky! tin alkoxide
catalyst composition containing di-n-octyl-bis(2-ethylbutyloxy) tin and
1,1,3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy) distannoxane was obtained from
the bottom of column-type reaction vessel 102, and supplied to thin film
evaporator 103 via transfer line 5. The 2-ethyl-1-butanol was distilled off in
thin film evaporator 103 and returned to column-type reaction vessel 102 via

condenser 123, transfer line 8 and transfer line 4. The alkyl tin alkoxide
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10 liquid containing bis(2-ethylbutyl) carbonate. This
reaction liquid was transferred to decarboni zation
tank 105 via transfer line 10 and a control valve to
renove residual carbon dioxide, and the carbon di oxi de
was recovered from transfer |ine 11. Subsequently,
the reaction liquid was transferred to thin film
catalyst catmposithh was pumpesb froml $&Cbatiomatfothin 6ins eweporater 103
a transfer line 12 and 15 supplied while adjusting the
via teangrét et and supplied to autoclave 104 while adjusting the flow rate of
1,1,3,3-tetra-n-octyl -1, 3-bi s(2-et hyl butyl oxy)

dEhMWQ[gh Buffkoyh 6074 g / hr  toggbtain a and

racti on ‘contarl ni'ng "bi s(2-ethyl butyl) carbonate. On
th r " 2 K [T i :
1405 b5l 381 - hF2 BUTPIGIAAD ARRTISEE pbout 6945 o
Cab05 ifidd Wasshgida oA Sltoba0€ bl trihlrbP iRgig st Hirate of
1.1,3 3-tetfra-n-octyl -1, 3-bi s(2-ethyl butyl o
og55 LA s e preasii mélﬁ’z?ﬁ& SitpEave ik Haibned at 4 MPa-G.
contai ning bis(2-ethyl butyl) carbonate was supplied to .
Thestemperaiuse ingidethe aWCé'd@k\éas viiet foved s, d;aé Zgsiggnce time
packi ng and equi pped with reboiler 117 and condenser
wha7adjusteddocbosib#t higs aantl areaetian betweenithegarpar digxi¢e and

of 959 g/ hr followed by distillative purification

the alkyt th malifSkideé Yatilyst oetgodition wap czried oubtaobtgin @nfeaction
recovery line 16 at the rate of 1075 g / hr. Wen the

lighiy | contdining2 Sig{2kemymeitdpt edrbdha0MPORi§ | edaction liquid was
transfer line 13 was anal yzed by '19Sn-, 1H and

A pioedbnzblot i 120 GSFLING 0.y 2 convelvae
hBRT ARG e von e v ord o
S 50 USRI e BB AP P ot i

conposition was extracted fromextraction line }6 at
evgporaier1Qf sgtgtogabomr1fl2°0 and about 0.5 kPa via a transfer line 12 and

1,1,3,3-tetra-n-octyl -1, 3-bi s(2- ethyl butyl oxy)
sdppliechnox anehjpe oduceadjustivgdi ng the the BBW¥ve pr @ess of
was supplied fromfeed line 17 at the rate of 18 g /

1,3, 3-8ech-A 82 ty- 103-bis (R &thyibatyloyindistannaxanef to about 6074 g / hr

to obtain a fraction containing bis(2-ethylbutyl) carbonate. On the other hand,
the evaporation residue was circulated to column-type reaction vessel 102 via
transfer line 13 and transfer line 14 while adjusting the flow rate of
1,1,3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy) distannoxane to about 6074 g / hr.
The fraction containing bis(2-ethylbutyl) carbonate was supplied to distillation
column 107 packed with Metal Gauze CY packing and equipped with reboiler
117 and condenser 127 via condenser 126 and transfer line 14 at the rate of
959 g / hr followed by distillative purification to obtain 99 wt% bis(2-ethylbutyl)

carbonate from recovery line 16 at the rate of 1076 g / hr.  When the alkyl tin
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10 1,1, 3,3-tetra-n-octyl -1, 3-bi s(2-et hyl butyl oxy)
di stannoxane was extracted from extraction line 16.
As a result of analysis by 719Sn-NMR, in addition to
cont ai ni ng about 55 wt % of
1,1,3,3-tetra-n-octyl -1, 3- bi s(2-et hyl butyl oxy)
di stannoxane, tri-n-octyl (2-ethyl butyloxy) tin and11 ;
alkonival catalyst chivipositicit of transfeéedioei 1hvwas aoalpzedbys’ o$n-, H-
1,1,3,3-tetra-n-octyl -1, 3- bi s(2-et hyl butyl oxy) 15
afiist anPEXRMR vwer egridiysis ved it frwas- 240found- 605tppm contain
This catal yst conposition was used as a conposition

Ly f ) distaitfdxiaheerbut not contain
1%%1(?2%5% I)I{?gg ti1b%bo|§$2.8§§glt&ijt\?§?gg Flor ms of Dialkyl Tin

dﬁﬁwﬂﬁsé?&pglpggﬁé@gt Xt lﬁ_(fﬁerog?jﬂihgnoepttué S Iementioned

i-n-o0cC oxXy tin a 0 according to

R retgiaR farr A "BROC RS el B, Afotie TBatalyst
-240 to -605 m wer

cobdohrn 92 SRBIEH B 4 T Pl 8190 o

exception of usi n%_ 180 of the cqnposition of .
1dback leltmachbrnbbisieasMulbutyloxgrdipiapaexane prdussd ascording
the conposition of deactivated forns obtained in st eg
t@the abdye grotsnpihe supplied fromdeeddine 1y st thg satecof 18 g / hr,
anhydri de. The content of 129 tri-n-octyl acetoxy tin
and the t8(turegvas 26f4 w % and chialysint entcarfiposition of
di -n-octyl diacetoxy tin was 57.9 wt% Step (16-4):

1'?4,B)d—te@a%%cﬁ&-ﬂl@-bid(@&hﬂﬁu@mz)idTS’taﬁﬁé’)_(&egwa% extracted from
reaction |liquid were recovered by carrying out the

exft3Etior |17t 18 s ¥ “r‘gsmt?-o#) Ry 2P| ©Osh-NMR, imeaddition to
? .1 o? t?wle

exception of "using 17 g of nm xture obtained in
o3y sy 5 R, T P R B2 yion)
TSR S GBI TS 2 BEAEHACY BB’ s o
dégga&;é? 9 commonents ” of 3§ 5% Yetha-nodtylL 1 3130 ethyibutyloxy)
distannoxane were observed at from -240 to -605 ppm. This catalyst
composition was used as a composition of deactivated forms.

Step (16-3): Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst

174.5 g of a mixture of tri-n-octyl acetoxy tin, di-n-octyl diacetoxy tin and,
according to '°Sn-NMR, organic tin compounds containing tin atoms
demonstrating a plurality of chemical shifts at from -240 o -605 ppm were
obtained by carrying out the same method as step (2-1) of Example 2 with the
exception of using 180 g of the composition of deactivated forms obtained in

step (16-2) instead of the composition of deactivated forms obtained in step

(1-2) of Example 1 and using 202.1 g of acetic anhydride. The content of
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10 1,1, 3,3-tetra-n-octyl -1, 3-di acet oxy di stannoxane,

and the content of di-n-octyl diacetoxy tin was 57.8

wt % the content of tri-n-octyl acetoxy tin was about

3 wm% and the content of

1,1,3,3-tetra-n-octyl -1, 3-di acet oxy di stannoxane was

37.8 wt% Step (16-5): Al koxylation of D alkyl Tin
treargutyinstetddy 6 theombiture wab B6.4witoanditm ngniest 6f di-pooctyl
of 1,1,3,3-tetra-n-octyl-1, 3-bis(2- ethyl butyl oxy)
dqﬂ@}@g;m%gsmegmubt ained by carrying out the sane

nmet h as step (1-6) of Exanple 1 with the exception

(16 %‘?b @g%%]’agﬁo?"h'% { REQiSirHutibA FddclioRed in step

th reactlon i quid obtained in

S: eplg&]{:]?eous PO aSbleIll,#H?] OXI C?%QS? ?Lcél'gyngg %od.lgqhe/same
bt 2 BT b Sy e g o
i e o e S B ot T o

Exanpl e 6 Wlththe 130 exception of usjng 2159
Exemplei2: i Mhen 'deandi'vand mﬁ@smraen@dnl@@% es*r%lt on the
same nmethod as step (16-2) of Exanple 16 instead of
redetioroliquig; theoreastiondismid wast determinesd tshbaian srixture ostaining
(1-2) of Exanple 1, and using 141.9 g of acetic acid
ditRcbclyll. 2 diadet@get i ¢ tinhydr tritp-oclylSt epatéioxg) . tin and
Separation of Dialkyl Forns 195.1 g of a distillate

WERE féb«taahib%eymyslawe%mdmanrtda@n&a&ndrmbhm\teﬁt of dep-octyl

(6-2) Exanpl e the exception of using 200.5 g
a L 0, |
dﬁ?.l 55§90Xy‘{ﬁgg§f malqr?é n liéﬁt ® ﬁ@%ldécéioﬂﬁm was about 3

%hﬁ]?ﬁﬁ{ﬁ&%é’q y'-iﬂetr{b c?cﬁ?l %égﬁﬂc&gﬁé gistannoxane was

%hﬁ stl [l ate was found to be di-n-octyl diacetoxy

Step (16-5): Alkoxylation of Dialkyl Tin Compounds
165.2 g of a solution containing 956 wi%  of
1,3,3-tetra-n-octyl-1,3-bis(2- ethylbutyloxy) distannoxane were obtained by
carrying out the same method as step (1-6) of Example 1 with the exception of
using 171.1 g of the mixture obtained in step (16-4) instead of the reaction
liquid obtained in step (1-5) of Example 1, and using 255 mL of 0.1 mol / L

aqueous potassium hydroxide solution and 303.7 g of 2-ethyl-1-butanoi.

Example 17
Step (17-1): Dealkylation Reaction
202.6 g of a mixture containing 83.8 wt% of di-n-octyl diacetoxy tin were

obtained by carrying out the same method as step (6-1) of Example 6 with the
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Step (17-3): Al koxylation of Dialkyl Tin Conpounds

181.0 g of

1,1,3,3-tetra-n-octyl -1, 3-bi s(2-et hyl but yl oxy)

di stannoxane were obtained by carrying out the sane

nmet hod as step (1-6) of Exanple 1 wth the exception

of using 193.6 g of the di-n-octyl diacetoxy tin
erbémtionedf usind 215t@pf aiconosition ebdeadtivated farans obtained using
liquid obtained in step (1-5) of Exanple 1, and using

thel dae ktidbdlagRltep (m@?@emm agsinsteatydf the cemposition of
solution and 365. 2-et hyl -1-butanol. Exanple 18

f | 41.9 g of
oS g eS8 00 TR, ng g 1499

ned b carryi ng out
aBhad BT ié@%tﬁ@ﬁ??% Bl o 11w th_the
exc f u3|n osition of
deas%? Zﬁe f%qq{;ga F%%ﬁé’%{rﬁe sane nethod as
ste 16- 2 Exanpl e 16 and setting. the bat h
BB .l 3 gisHiABBYRre GNEMGOhY FRATIDY ‘*#*%maﬁ% pefhod as
tri-n-octyl (2-ethylbutyloxy) tin, and the 13
staps (@Ha) af rEXEtl'eplehé wultraéﬁe vaxseption eftusing 2005 ef the mixture
contai ning 72.8 wt % of
cantaiing-83:8 rwt%h- afcdiy-octyd -diaegtoxy tiny pbtainad ky)step (17-1) at a

di st annoxane and, according to 19Sn-NVR, organic tin

tEAPRRNSOICZ00°T. NiWBeh i'H- and1iPSieNMR meatsungments were carried
plurality of chem cal shifts at from-240 to -605 ppm

out oh e ai's%ﬂar)e ttﬂléﬁhllété%s @emaatawe Harotiypdiaebtoxy tin.
Deactivated Forms of Dialkyl Tin Catal yst 35.1 g of

t he éﬁ:b\xe tmi(&%ggﬁg]ybpg%wm Cbh{bdq}p,qjgl ned in step

(18- In a nL pear-shaped fl ask

foll by n c

and T8 § & 3 BRr b e SR EetaPbDIa) FaREfhoxane
hour at 2 10 When the sol ution,was sa

warg 9o} egycbsgggwwso%&ﬁﬁraw 9&*5%1% q%?iﬂ'@ %t Example 1
was confl rmed to have been forned. tignati.on

withqthe exception of using 193.6 g of the di- n-octyl lacetoxy tin obtained in
step (17-2) instead of the reaction liquid obtained in step (1-5) of Example 1,
and using 311 mL of 0.1 mol / L aqueous potassium hydroxide solution and

365.9 g of 2-ethyl-1-butanol.

Example 18

Step (18-1): Separation of Tri-n-octyl (2-Ethylbutyloxy) Tin

36.2 g of distillate and 110.6 g of residue in a flask were obtained by
carrying out the same method as step (11-1) of Example 11 with the exception
of using 148 g of a composition of deactivated forms obtained using the same
method as step (16-2) of Example 16 and setting the oil bath temperature to

250°C. The distillate was found to be tri-n-octyl (2-ethylbutyloxy) tin, and the
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equi pped with a reflux condenser connected to a

distillate collector and a thernoneter were attached

to the flask, and after replacing the inside of the

flask with nitrogen in a vacuum the flask was

imrersed in an oil bath heated 15 to 80C. The pressure

i nside the vessel was gradually reduced, and the

résidaninsioe ahioffuskewas dfoemdetos ber aphixture cantdiningl 72.8 wt% of

propi oni ¢ anhydride were distilled off to obtain 33.3
fB-RtrabfiottiR 1 NbistR-etmgbi diéiannbkane emdjuaccovding to

1gldg'jset?t ed tg%H- an 11%?1-%%?%\9a3urenents, t he

18ggI Iy b irri MisOBeATBNsaAling a
tlgﬁmgg(\&@@taﬁ?gtﬁhg&) a#g’eslg%ﬁt?irgﬁ%?ﬁ% )hééoresi due ° g

pﬁ"??r:!f'tg |03 'cﬁgp‘ﬁéal %hg%'s/ %}ﬁr‘ofn 32%9 gcz p -0e5t %R/rlnb ut yl oxy) .
o o B0 SR B, RAbin [ Beelifey Eofne o

g of prapionic acid and 167.2 g of propionic anhydride
Daaﬂsvlsﬁn talyst The netal pressure vessel was then

imrersed in an oil bath heated to 200C and heat ed ,FS

for 35.5 gholithe triantastyl@-etbylowtyloxs irohlained dr step (18-1) were
vessel to cool to the vicinity of 132 room

plaeepeinad B0D (alb pear-8bahed flask doliowed dywthecaddidinnfef 238 g of
to a 500 nmL pear-shaped flask. A fractionation head

pRspibRBEtiVah 48.9 §idf propienidairigtiride amdestirdng far Rhour at 25°C.
distillate collector and a thernoneter were attached

Wﬁ’?rﬁl fife §d1a6isn wakGdnisiel rbﬂd%éﬁzéd“ﬁ{)@hg%h roVRStOgRabIRG sbamy!

nitrogen in a vacuum followed by 5 i mrersing the

Wi
plf‘t#@?ﬁae{en wHb O&dnfi@ﬁb@\a E?Sfﬁi%u;tﬁéo% 8§, prﬁsﬁﬁcl‘atﬁanation head

the™ vess y reduced and the

excess, pLoepioni.c anhydri ropl Qni e/

RfARRR BB i e dmeef SRfect B Yiyhale’ cBEEEL and 2
in the flask. Wen the, resi dque s.Ssubjected . to.' H
theTmomten R MARGECE e ok, mnd B85 (gea8 the indlde of the
determ ned to be a m xture containing di-n-octyl,
flaslmath BitpgeRyin Fovacuunanthenflask yas immarsed o @il bath heated
and the content of di-n-octyl dipropionyloxy tinin

t6 F80°Cesi Thee prassufa. isigedthehivesselhwas opradually freduerd,yand the
tripropionyloxy tin _
isoamyl propionate and excess propionic acid and propionic anhydride were
distilled off to obtain 33.3 g of a residue inside the flask. When the residue
was subjected to 'H- and '°Sn-NMR measurements, the residue was
determined to be tri-n-octyl propionyloxy tin.

On the other hand, 110.1 g of the residue containing 72.8 wt% of
1,1,3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy) distannoxane obtained in step
(18-1) were placed in a 500 mL metal pressure vessel followed by adding 95.2
g of propionic acid and 167.2 g of propionic anhydride and stirring. The metal

pressure vessel was then immersed in an oil bath heated to 200°C and heated

for 3.5 hours. After allowing the metal pressure vessel to cool to the vicinity of
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was 26.1 wt% This mxture was m xed wth the

previously obtained tri-n-octyl propionyloxy tin and

used as the raw material of the subsequent step

(18-3). Step (18-3): A kyl Goup Redistribution

Reaction 15 153.8 g of a reaction liquid were

recovered by carrying out the sanme nethod as step

raotn Apmplerabasentabout 25°G), rihe ranpdentatwersptransfenedhta Be500 mL
exception of using 154.5 g of the m xture obtained in

pearcshdptt Aask nsAckactinatiba head wogippsa aiithed fefluxt egndenser
(1-4) of Exanple 1. Wien 1H and 19Sn- NVR

cOMRSHEE I8 BidistiiRie cSREdtbeah® Hith@mbmetervidretdtRithedauite flask
the reaction liquid was 20 found to be a m xture of

aﬁéj e fifdidd ofthH ﬁ’é%l@ﬂ)é& QéMIaEEE viftnifro 9%% 3 vacuum followed by

tripropronyloxy tin, and the conten - n-oct

B ?&f@%ugtw B4 ag%%nﬁfe@faaéwde

f
vissel 58s: pialalVo IR et 2, o 2Sisirg, piogjaigy prnvaride and
pieporae RS A5 ie’?aéfé 8%5%')9”@?? ot é%bta“im A3k g of Fesidue in the

exception of using 152. of tt;e 133,y eaction |iquid
flaglt. ai Wheanithe sesidue r@sautue@ted 4a 'bf and e “GeiMR measyiements,
obtained in step (1-5) of Exanple 1, and using 286 niL
thef reBiduenwas ﬂetemﬂmmbtcsbnpatmb@jmmomgidh'@dideosm dipraepionyloxy
and 244.9 g of 2-ethyl-1-butanol. 5 Exanple 19 Step

tit EPrdlo-ochi atipiopisnydoxkyRemcand the £Bntend offdi-a-oetyl dipeopionyloxy
containing 84.0 wt% of di-n-octyl dipropionyloxy tin

ttfé"‘i‘ﬁ %31(—9 ?éédt‘]@‘dvé?sy?@ 8" With NehiftUthe! EshtEANBS ARICAA rlﬁl%gﬁir@ﬂbxy tin

of Exanpl e w th the exception of usin

8 z@;&ﬂ@":‘t@gﬁ@ G55 B PPl S vy
RGNy 4R S S0 el Bon 15
315%@)‘;);%?&-% Jﬂﬁky{ﬁ:&roug)r}:f'etie gtgibailog %tac ion cid and using

153.8 g of a reaction liquid were recovered by carrying out the same
method as step (1-5) of Example 1 in a nitrogen atmosphere with the exception
of using 154.5 g of the mixture obtained in step (18-2) instead of the mixture
obtained in step (1-4) of Example 1. When 'H- and "'9Sn-NMR
measurements were carried out on this reaction liquid, the reaction liquid was
found to be a mixture of di-n-octyl dipropionyloxy tin and n-octyl tripropionyloxy
tin, and the content of di-n-octyl dipropionytoxy tin in the mixture was 90.5 wt%.

Step (18-4): Alkoxylation of Dialky! Tin Compounds

131.5 g of a solution containing 90.5 wt% of 1,1,3,3-tetra-n-butyl-1,3-
bis(2-ethylbutyloxy) distannoxane were obtained by carrying out the same

method as step (1-6) of Example 1 with the exception of using 152.2 g of the
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propi oni ¢ anhydri de instead of acetic anhydride. Step
(19-2): Separation of D alkyl Forns 15 212.4 g of a
distillate were obtained by carrying out the sane

met hod as step (6-2) of Exanple 6 with the exception

of using 217.4 g of the mxture containing 84.0 wt%

of di-n-octyl dipropionyloxy tin obtained in step
reaiclioh)ligaiid abtdired iy stepr(d 8c8) iRg@ad oithe réaktiamiiquid obtained in
119Sn- NVR neasurenments were carried out on the

- | ahd! 288l @f 10 heolbel dhusows pit
Sﬂ;:p;(?o%jl gﬁgf‘%@% f’n§ st Sqaep (19-3): Al koxyl g?l?)n Ef assium

h%@%%‘%ﬁb@ﬁ&@%ﬁ?@g@ﬁ -éth§l-PloutariBIXt ur e cont ai ni ng

1,1,3,3-tetra-n-octyl -1, 3- bi s(2-et hyl but yl oxy)
di stannoxane were obtained by carrying out the sane

net hod _a ep (1-6) of Exanple 1 with the exception
E%QWPE 3?1 3 g of the nmixture containing 86.0 w %

of di-n-oct ionyl oxy tin 25 obtained in step
(195t8pP ﬂ%ﬂi E f%ﬁ&y‘g‘i‘m li quid obtained in st ep
(1-5) of 134 Exarrple 1, and using 411 nL of 0.1 nol

L add8¢ug qfa systurenchntairing B4. Gsrd?/mpf dhnamylshsrqp@v&xv tin
2-ethyl -1-butanol. Exanple 20 5 Step (20-1):

wBep abdained byf camying-audtthe améeEthethod: 3 stgp (G-1h ofdaample 6
of distillate and 138.8 g of residue in a flask were

witht tienestedptiort AT ysing 220 ¢ f sacaompssitionl efsdedetivated forms
(11-1) of Exanple 11 with the exception of using 188

oataﬁﬁeeﬁugﬁgnﬁé' ddrfé® n@éthSaau‘st éf_égtﬁé 2)061"Exé]’ﬂb@ 18 (hstehd ®f the

the sane “nmethod as step ( Exanpl e 16 and

céﬁ?ﬁbﬁ?até‘ﬁdgb&{\}%ﬂ%% f{)ﬁﬂ%%b%lHé& ﬂﬁg?t%p @29 ot B3&mple 1, and

te was tri-n-o
AREINET AP T SR B el o
DR AP ré‘%ﬂw?eaa%ef)%m?’tf%n oS- VR, of gani ¢ tin
" Matep ?139 5. Saparation of Dialkyl Forme > ' o' "9 @

212.4 g of a distillate were obtained by carrying out the same method as
step (6-2) of Example 6 with the exception of using 217.4 g of the mixture
containing 84.0 wit% of di-n-octyl dipropionyloxy tin obtained in step (19-1) at a
temperature of 220°C. When 'H- and "'°Sn-NMR measurements were carried
out on the distillate, the distillate was found to be di-n-octyl dipropionyloxy tin.

Step (19-3): Alkoxylation of Dialky! Tin Compounds

1944 g of a mixture containing 817 wi%  of
1,1.3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy) distannoxane were obtained by
carrying out the same method as step (1-6) of Example 1 with the exception of

using 211.3 g of the mixture containing 86.0 wt% of di-n-octyl dipropionyloxy tin

obtained in step (19-1) instead of the reaction liquid obtained in step (1-5) of
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plurality of chem cal shifts at from-240 to -605 ppm

15 Step (20-2): Substituent Exchange Reaction of
Deactivated Forns of Dialkyl Tin Catalyst 47.2 g of

the tri-n-octyl (2-ethyl butyloxy) tin obtained in step
(20-1) were placed in a 300 nL pear-shaped fl ask

foll owed by the addition of 80.3 g of hexanoic acid
Exachf32. 16 andbusimgxanbinol afil@ drindk/ dndgeeous potassam hydroxide
hour at 25C. 20 Wen the solution was sanpl ed and

sambmw_m.@ommnomnan@w, i soanyl IO_fOIOi onat e
was confirnmed to have been forned. A fractionation

head equi pped with a reflux condenser connected to a
di stillate collector and a thernoneter were attached

ég . and after replacing the inside of the
flas W itrogen in a vacuum the flask was

oi | ..bat heat pressure
|nS| %pﬂﬂtq@gg 'EU%E 8 gﬂhg béféﬁu@ﬁgﬁ°§%PFP 135
2-eth Ibu | 0% hexanoat e and cess h oi C ac|
gand £h8 ﬁl%lﬂ%iedan@eﬁ%éa Ohesifke i iéa?sw@'fﬁ g*atamed by
off to obtain 48. of a residue inside the flask.

cRyTging: ol themmﬁ@% aBjséen - bofi Example 11 vdih therexception

nmeasurenents, the residue was determ ned to be
of using- 188 glofrastzanpogiltiomoftdaactiﬁatai fotras obtained aisihg the same
137.2 g of the residue containing 74.0 wt % of the

method a3 tepr(@6rR)ostt Bkarhpl M6 Hndt eétiipg thé dilobath temperature to
di stannoxane obtained in step (20-1) were placed in a

25@3}} MLTRB iR Iﬁ-g‘érfﬁuﬁ& 16 Eﬂe frPhJoQ:‘lW QZlé(hyﬂSGﬂyﬂﬁ(y) jdﬁoaﬁd the

hexanoi ¢ ac 0 g of propionic anh

ré’é?ﬁglr%éégé ?ﬁﬂgnﬂ%ﬁ batﬁJ fea eggrg ﬁ%an%é@ﬁgge% wWt% of
.25 et i bRl S ol S BB R raoraine

baut, 250 the contents were transferred to
11”5 %EMR sPPFE g'l“a§QmPRUPP§CP?Iatﬁg{mgjﬁlrh gn@qumgatmg a

wth a refl ux condenser connected to a distillate

piusality of shemigal ghifiseatifiora 240 ier@05%pR@ched
Step (20-2): Substituent Exchange Reaction of Deactivated Forms of

Dialkyl Tin Catalyst

47.2 g of the tri-n-octyl(2-ethylbutyloxy) tin obtained in step (20-1) were
placed in a 300 mL pear-shaped flask followed by the addition of 80.3 g of
hexanoic acid and 92.6 g of hexanoic anhydride and stirring for 1 hour at 25°C.
When the solution was sampled and analyzed by gas chromatography, isoamyl
propionate was confimed to have been formed. A fractionation head
equipped with a reflux condenser connected to a distillate collector and a
thermometer were attached to the flask, and after replacing the inside of the
flask with nitrogen in a vacuum, the flask was immersed in an oil bath heated

to 80°C. The pressure inside the vessel was gradually reduced, and the
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to the flask and the inside of the flask was repl aced

wWth nitrogen in a vacuum 15 foll owed by i mrersing the
flask in an oil bath heated to 80C. The pressure

i nside the vessel was gradually reduced and the excess
hexanoi ¢ anhydride and hexanoic acid and so forth

were distilled off to obtain 185.3 g of residue in
(2-ethylhatgloxy)Vhexaridate andiakcessvhexandic atiddnd dekbhoigrahhydride
119Sn- NMR neasurenents, the residue was determned to

aR8 theNlike Wefe WRstiiRHNGMJo Ldbtbiin- #8.8CH Yof 4lirBsidaganyidexthe flask.
tin and n-octyl trihexanonyloxy tin, and the content

VBen e TR s, SERRRRIY ATty TS f‘ﬁf%‘%a the
%%'%%?%t%méﬁéggte %@ ﬁ?%@%@f Ooxy ti neand
(2005 e g %Var?@ 7. g w"r&ythte?fea%ﬁ%éé%ﬁe{“rﬁniﬁﬁp%mn% of the

Reacti on 136 of a reaction |iquid wer
r%é@v‘&tr@mwtv&als?rm efibytyioxyy ndist aaeagb%%?ﬂ in step
(1-5) of Exanple 1 in a nitrogen atnosphere with the

(20«d ppyarenplaged usi apEB OIS r@etal9 pressune messel flloweasebyiadding
step (20-2) instead of the m xture obtained in step
180849 obhekamoiplacidland\B81.0 gtof pnopidhiSrarilyiride sswlrstirdng. The
5 were carried out on this reaction liquid, the
n’feflél%ﬂeﬂﬁuﬂd volse! Was thernehrérsed ia ambik beftehéaedatior200C and

di - n-octyl di hexanonyl oxy tin and n-octyl
hbél}t]ali‘le?é"f‘@@)ﬂo%}‘é’ LAffer aiﬂﬂﬂné Re 7RSS Eﬂ'eé%fur@I e8sébYdool to the
exanonyl oxyt|n|nt he T xture was .3 W% Step

4 K n
v%ﬁﬁlg %folioﬁ{llf b a| nfgbolag?S é‘l)M @a ?OQRQR@LWQI% frafsendd to a
1 3-tetra-n 2: €
50p stk AgeEmbong] sk, a.%ifaa%g?"@hpﬁyhﬁa@ Mgt %@ a reflux
hod as t he exce on
o ORAGTSH GopD IR0 Hishlats, calBeion Nt 4 IEMSRGIer Hers tiached
tep (20-3) instead of the reaction |liquid obtained in
t@,tl@ﬂqﬁc and ghe B&ﬂiﬁ)pfsth]? flagkdwas ireiplaged with Bitrogen i@ vacuum
L aqueous potassi um
followed by immersing the flask in an oil bath heated to 80°C. The pressure
inside the vessel was gradually reduced and the excess hexanoic anhydride
and hexanoic acid and so forth were distilled off to obtain 185.3 g of residue in
the flask. When the residue was subjected to 'H- and ™°Sn-NMR
measurements, the residue was determined to be a mixture containing
di-n-octyl dihexanonyloxy tin and n-octyl trihexanonyloxy tin, and the content of
di-n-octyl dihexanonyloxy tin in the residue was 71.5 wt% while the content of
n-octyl trihexanonyloxy tin was 28.5 wt%. This mixture was mixed with the
previously obtained tri-n-octyl hexanonyloxy tin and used as the raw material of

the subsequent step (20-3).
Step (20-3): Alkyl Group Redistribution Reaction
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hydr oxi de sol ution and 327.7 g of 2-ethyl-1-butanol.

15 Exanple 21 Step (21-1): Deal kyl ati on Reaction 274.7

g of a mxture containing 77.4 wt % of di-n-octyl

di hexanonyl oxy tin were obtained by carrying out the

same nethod as step (6-1) of Exanple 6 20 with the
exception of using 217 g of a conposition of

dea@2i0v@ige of feo reactiobt liduid dverei regovireds byecarsting duisthe same
step (16-2) of Exanple 16 instead of the conposition

méthd@ asistyp( B4) bb Exanpid diimachitrogen efmoédptdrewithEthengtaeption

and using 266.2 g of hexanoic acid instead of

oa'engtrigczﬁ@ 50g M he! PhiRbired UbtBn8d Gh stéle X202) nst8ay Gfithe mixture
I nst ead of acetic anhydride. 25 Step (21-2):

g, st fed F'Jl ?l'épa(;l—‘g & l*.‘)YémE% ’E;S/ wheh HZnd 9°SH-NMR measurement

obtal n carrying out the sane

o N358RBT gt G GHEB4p R bo o
oila Pon gpz-' PR PR Ehonyiony o
119Sn- NVR neasurenents were 5 carri.ed out. on the 0
agrdhe cpatant of Anwctylidineasoryoxy Siria the MIXUER WRSRE 5 Wte.

di hexanonyl oxy tin. St eBW (21-3 Al koxyl ati on of
I

Di alStep (20-4):Akpxylation odRialkyy mCammunsiSe cont ai ni ng

81.7 wt%of 1,1,3,3-tetra-n-octyl -

1, 3-1934 2y ef hallsbultiphowl)tadiim Adnoxwtie ofet d,hBttetracdbityl-1,3-
carrying out the sane 10 nethod as step (1-6) of

b@(ﬁlﬁﬂhﬁb t?zruxw diSanfseams ivsreobbtiined) B tartyingoout the same
m xture n-octyl di hexanonyl oxy tin obtained in

n?e%tﬁgctj (ea;?]?t%b 5('1 "@t@faE‘ nghgmgﬁgféh %ﬁégdtl??i&f%% QQBeﬂg of the
r%&%tidnzliuel.ﬁtﬂ&ﬁﬁijﬁ%%?‘angﬁﬂ WH-5Y Msed5r 1! Adhbfdh ﬂ&ﬁ’ld%tﬁaf?\ed in

step (1-5) of Example 1, and using 280 mL of 0.1 mol / L aqueous potassium

hydroxide solution and 327.7 g of 2-ethyl-1-butanol.

Example 21

Step (21-1): Dealkylation Reaction

274.7 g of a mixture containing 77.4 wt% of di-n-octyl dihexanonyioxy tin
were obtained by carrying out the same method as step (6-1) of Example 6
with the exception of using 217 g of a composition of deactivated forms
obtained using the same method as step (16-2) of Example 16 instead of the
composition of deactivated forms obtained in step (1-2) of Example 1, and
using 266.2 g of hexanoic acid instead of acetic acid and using 204.6 g of
hexanoic anhydride instead of acetic anhydride.

Step (21-2): Separation of Dialkyl Forms
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15 Exanple 22 Step (22-1): Substituent Exchange

Reaction of Deactivated Forns of Dialkyl Tin Catal yst
Excess mal ei ¢ anhydride was distilled off to obtain

232.1 g of a mxture of organic tin conpounds

containing tin atons denonstrating a plurality of 20
chemical shifts at from-240 to -605 ppm the vicinity

of 20201 pohsadidtitlate were obtainesk by 6arrpipg cadt thietsame medhod as
by 119Sn-NMR by carrying out the sanme nethod as step

sfef?p 18-29fof ERRdmple 8 With fthé fexceptientdfamsing 273.9@ ofthg mixture
of a conposition of deactivated forns obtai ned using

ctgpf%tiuﬁﬁgeiw@W%doﬁai-ﬁ t diambngloxiPtBbtaink?l ihrvaéga(ig 1-1) at

e conposition of deactivated fornms obtained 2
I

o e, At A20ACE: Whap® I, EP" S R ARG rigelfefifits were
QRGO 196 SHTLAE DI ARhIARG, B ol ° 8T e DgPh-octy
same nethod as step (2-1) of Exanple 2 with the

dhexapenyiexytinusi ng 230.8 g of the 5 nixture obtained

in step 522-1 instead of the_m xture obtained in step

( 2- Btepf2 B3 kexyatiomehDiglkyl ZiCompowndsr

measurenents were carried out on this reaction

| i quiSd,4 t heof emcmibdurel icpmitainings &lolindto obel 4, Hdstetiaw-octyl-
of organic tin conpounds containing tin atomns

10 bisi3etiatbuyloxyp distanndxanef welee obiaineds by fcasryirtg ofit the same
-240 to -605 ppm the vicinity of from-140 to -200

nidtRbd Aa0stePY1V8)ChMERamBle $ WitPthePexeaitionedfaligsihg 24118/ of the
119Sn-NWR. " In particular, the ratio of the integral

R 450 kN8 s 205017 e e
T et BT 3 e sy 857 gL or o

nlatgtii%qél.lleo\ﬁasl ;;Jo alssnlurtn eydrg)% os%'ll}tfo%nanoc})g%.ﬂegdo* E—e%l'trﬁpl -butanol.

Example 22

Step (22-1): Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst

Excess maleic anhydride was distilled off to obtain 232.1 g of a mixture of
organic tin compounds containing tin atoms demonstrating a plurality of
chemical shifts at from -240 to -605 ppm, the vicinity of -150 ppm and the
vicinity of 100 ppm as determined by "'°Sn-NMR by carrying out the same
method as step (2-1) of Example 2 with the exception of using 210 g of a
composition of deactivated forms obtained using the same method as step
(18-2) of Example 16 instead of the composition of deactivated forms obtained

in step (1-2) of Example 1, and using 362.2 g of maleic anhydride instead of
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15 Step (22-3): Al koxylation of Dialkyl Tin Conpounds
168.1 g of a solution containing 87.4 wt % of
1,1,3,3-tetra-n-octyl -1, 3- bis(2-ethyl butyl oxy)
di st annoxane were obtai ned by carrying out the sane
nmet hod as step (1-6) of Exanple 1 with the exception
of using 220.1 g of the mxture obtained in step
atetlc aphydridecad of the reaction |liquid obtained in step
20 (1-5) of Exanple 1, and using 255 nL of 0.1 nol / L
aquegs (PR pIkyGroupdRedistlibutioh Reéaptioand 303. 6 g of
2- et hyl -(1- bﬁt a'r%ll . &]E??arrpl e 23 Step (23-1):
Dealjogl 2lgl 8 aRRaftibANigtid WisteSRIEBVERI 92 Gfmpng but Ghd)same

of Exanple 6 was carried out with the 39 exception

. 7 oy .
o B8 ) BAIR2 i DS AFREN 21 2301 of the
EX le 16 insteadaf i it f ti
TR B R 2L P e R ol o o
EXARIAR Pae WhER Sand *SontTURsaeasufhanentEpegeared out on this
anhydrijde. The excess _maleic acid and nmal eic anhydride
regrtionhliquid « theyseaction iquid| was Jeund Jooke A mixtise Hf prganic tin
the resulting mxture. This m xture was deterni ned b%
compduniivRontaihing dimatoms dempbnsirgting a piuralitoefchermical shifts at
containing tin atonms denonstrating a plurality of

frohed40ado -G0S ppm athef vicinity 24 frotro- 14800 {2001 ppan danichthehecinity of
vicinity of from-140 to -200 ppm 10 Step (23-2):

100k |23t dsenaingd BY KPBnINMRCOMAqsHtsulan 4ha ratiefof ahe integral

sol'ution containing 81.2 wt % of

véliuéi gfnt;hoe; g@g&atg;og&ioe@ks%n%geb@;a@ %hﬁddold%eh' 8% khe ratio of the

tained by carrying out the same

JBAERRR A58 b oo NS SO TGRS e of
oSk, b ShSReh Ve Sk B3, i BE HEHHGA Yol h e
c%p%;iti%hlobqgilne{:l il'll_ sfaeqpu(eZoZ%S ).

Step (22-3): Alkoxylation of Dialkyl Tin Compounds

168.1 g of a solution containing 87.4 wt% of 1,1,3,3-tetra-n-octyl-1,3-
bis(2-ethylbutyloxy) distannoxane were obtained by carrying out the same
method as step (1-6) of Example 1 with the exception of using 220.1 g of the
mixture obtained in step (22-2) instead of the reaction liquid obtained in step

(1-5) of Example 1, and using 255 mL of 0.1 mol / L aqueous potassium

hydroxide solution and 303.6 g of 2-ethyl-1-butanol.

Example 23
Step (23-1): Dealkylation Reaction

The same method as step (6-1) of Example 6 was carried out with the
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pot assi um hydr oxi de sol ution and 296.8 g of

2-ethyl -1-butanol. Exanple 24 Step (24-1): Production

of Tetraal kyl Di al koxy Di stannoxane 20 692 g (2.78

nmol) of di-n-butyl tin oxide and 2000 g (27 nol) of

1- butanol (Wako Pure Chem cal Industries, Ltd.,

Japan) were placed in a 3000 nL vol unetric

eregpticvhafpesing 1185kg off hecdnpasitioroof deactivpted formis olbtained using
slurry-like mxture was connected to an evaporator to

th samemetiionas Stes (#6-29idf BiainfpleetBlingpest of the eomposition of
tenperature controller, a vacuum punp and a vacuum 25

deaBivatbd %rm% %?gdag&?@n xs.@épg 1 Y idrgtxsphpleM Safy IBMGR1§2.7 g of

was connecte i ne 0 containing nitrogen gas

i | .Qr - - .
oHBY Ry S PAT8 o DL RIS SryfhBe ihea 1 et idBng sceic
t V. d t [ ].
AR, T BGRSS HE s ol Ricls HrRWHRe o e 1 were
ressure. The oil_bath t erature was, set tq.,about
eSO, 01 PN 2R G /AtiNB EUING, SSUe o TS fture was
rotation of11the evaporator was started. After .
detaratined bmnc?SneralMF%]S: bera miduie oloorganin ik campaypdg containing
pressure with the purge valve of the evaporator |eft
tiotomstdemonstrating @ plurality afchemicall shifts stifrom 248 too®05 ppm

boi l i ng poi nt conponent began. After maintaining in

ahtiis tisd aicinity@f fdnhol4Gto 1200 ppmr ge val ve was cl osed,
pressure inside the systemwas gradually reduced, 10

and ges (283.2): AIR¥kItidr SEDRMYIMTiICCBRpdRdswas distilled

off wwth the pressure inside the systemat from76 to

54 H%a-.sagpgg :aeggmtibﬂvv?@gkﬁ@g 10 Wtof BP9 "Ief:“,é-teﬂﬁ-_nl—octyl-1 3-

| onger t he s taken out of 'the oi

o B9 i pnbdth el bRy e EBh oS 6 785 same
ool Ferieh 15 8 BB EC Vit BRSSFSrtoR L e 20 §%r e
pressure. 952 g of reaction liquid were obtained in .
di-neodfyl-dinceioxy din ohtained in iR 32%1‘1)1'5!9@@, ofi the gaetion liquid
o%)f)aci:nel\tldMl:rzl step (1-5) of Example 1, and using 443 mL of 0.1 mol / L aqueous

potassium hydroxide solution and 296.8 g of 2-ethyl-1-butanol.

Example 24

Step (24-1): Production of Tetraalkyl Dialkoxy Distannoxane

692 g (2.78 mol) of di-n-butyl tin oxide and 2000 g (27 mol) of 1-butanol
(Wako Pure Chemical Industries, Ltd., Japan) were placed in a 3000 mL
volumetric pear-shaped flask. The flask containing the white, slurry-like
mixture was connected to an evaporator to which was connected an oil bath
equipped with a temperature controller, a vacuum pump and a vacuum

controller. The purge valve outlet of this evaporator was connected to a line
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anal yses, the reaction liquid was determ ned to be
1,1,3,3-tetra-n-butyl -1, 3-di (butyl oxy) distannoxane,

and the yield based on di-n-butyl tin oxide was 99%

The sane procedure was then repeated 12 20 tines to

obtain a total of 11488 g of

1,1,3,3-tetra-n-butyl -1, 3-di (butyl oxy) distannoxane.
cohaning hitdgePrgaduiidwing aitf nGlandlopressdrel,. d Aftareslosing the purge
Acqui sition of Conposition of Deactivated Forns of

vaivieYdf therevilpepatofl & rédiidey SlesSOrd MsiieNthe %msm Yi%d pdrge valve

Fornms 25 Carbonic acid ester vvas produced in a

RS RIS i 8 S BAvTet i
HTAFRIHSEE 1S, A VBF MR, e s
AT 5 S B e M R
SRS IEE SR Brow B TG I GRBba k68 pure

colum-type reaction vessel 102 at the rate of 24717

vglve ofrtherexaposater lefhepen, theemidtuig boiled-apd distiliation of the low
inside the reaction vessel was controlled to 160C by a
bbitiagepoistnzbmparhent begahl 2 Aftendnaintaining i this state for 8 hours, the
adj usted to about 250 kPa-G with a pressure control

pufde/ ealvéhwas adostri) qretsure insidehther systéimowasegradualiypseduced,
about 10 10 m nutes. 1-Butanol containing water at the

ahat r%silfua?‘ig\%%cﬂhr‘g Bblﬁtréﬁhb&ﬁantt\ﬁﬂs QTsﬂIIES 6#WEH e pressure

vessel via transter line 6, and butanol at the rate

et b g Aﬁgeseéwfﬁ@#@?&ﬂeg%émewmem
AP Sl o, B, B AR e
a fraction

[t f di | t 0
liguH;was i, ea%%gq'#o%& it ifmeoﬂa%aweﬁ ShkESquently takgn out

by condenser 121 and recovered fromtransfer line 3.
obihe pil bath,-thetruige vatve wasseenedgradually and the pressure inside

the system was returned to normal pressure. 952 g of reaction liguid were
obtained in the flask. Based on the results of '®Sn-, 'H- and *C-NMR
analyses, the reaction liquid was determined to be
1,1,3,3-tetra-n-butyl-1,3-di(butyloxy) distannoxane, and the yield based on
di-n-butyl tin oxide was 99%. The same procedure was then repeated 12
times to obtain a total of 11488 g of 1,1,3,3-tetra-n-butyl-1,3-di{butyloxy)
distannoxane.

Step (24-2): Production of Carbonic Acid Ester and Acquisition of
Composition of Deactivated Forms of Alkyl Tin Alkoxide Catalyst Containing
Deactivated Forms

Carboenic acid ester was produced in a continuous production apparatus
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transfer line 2 located in the bottomof distillation
columm 101. An alkyl tin al koxide catal yst

conmposition containing dibutyl tin dibutoxide and
1,1,3,3-tetra-n-butyl -1, 3-di (butyl oxy) distannoxane

was obtained fromthe 20 bottom of col um-type

reaction vessel 102, and supplied to thin film

lilker dhat &hown 1DFIE 2.a 1 8F Betrdbud- 53-bilbatyloxy)t distdnnoxane
was distilled off in thin filmevaporator 103 and
pfedudedeifl step CowaBTsUppied ae#ed rate ofed2( g YO frora transfer line 4
condenser 123, transfer |line 8 and transfer l'ine 4.

int & %Mn-ﬁ*ﬂb P HQErGe S5t Hackbd G Mélld Ak 7568 d}ackmg and

punped from'the bottom of thlnfllmevaporator 3 via

hgmgstﬁrante?ma.aﬁaepo?ﬁsslu&mbhe | Lol it ottt and

owrate o Corr'ponents
e e n by e
rSaRgn \Z‘ﬁ%ebi’mze@dm fale a0, eltom ekl lge 2. 1 e liuid

and the pressure inside the aut ocl ave was nmi nt ai ned
temparatwe icsideitbe seadigrevensel wap wontiolledhto 460Ye buacheater and
set to 120C, the residence tinme was adjusted to about
rebdilenr $12, aand dheeprassure hasadjusted toagbout @56k kPe-Gnwith a
the alkyl tin al koxide catal yst conposition was
pesgsure dontrol valvebt The reskleace itinme in the deactiontvissehwas about
di butyl carbonate. This reaction |iquid was

10 ARRASS.r eﬂmaancﬂ&,wétﬁmpmtate@rhtttﬁahaié)af PUT 1R N i Efom the
[ine 10 and a control ve to renove 10 resi dual

tc?ﬁ"BPﬂ’l% r‘éﬁgt;ﬁgl? Qe?ﬁi id {Iﬁn%@[) T Gdbﬁ{f '1d€utﬁgél SARBVEILEF 824 g /

romtra I ne sequent reaction

té’fau b fife 1 %ﬂ%&eé}ﬁﬁggggﬁid?éfﬁlgt|{%§@ollﬁ¥ﬁm1ﬁ§$ ke Rith Metal
e H%E?Fg a0 Brgrided Witk ebifior O ndit tﬁﬁ%@‘}aﬁﬁ fo, carry

abo t 4201 hr to 15 obtain a fracti on cont ai_ni

ogt lstﬁtguatw;%rnstswsatson On'nt e semeaf Wahltftlonheoluma@ﬂata Sraction
residue was circulated to colum-type reacti on vessel
containing a high concentration of water was condensed by condenser 121

and recovered from transfer line 3. Purified 1-butancl was pumped via
transfer line 2 located in the bottom of distiliation column 101. An alkyl tin
alkoxide catalyst composition containing dibutyl tin dibutoxide and
1,1,3,3-tetra-n-butyl-1,3-di(butyloxy) distannoxane was obtained from the
bottom of column-type reaction vessel 102, and supplied to thin film evaporator
103 via a transfer line 5. The 1-butanol was distilled off in thin film evaporator
103 and returned to column-type reaction vessel 102 via condenser 123,
transfer line 8 and transfer line 4. The alkyl tin alkoxide catalyst composition
was pumped from the bottom of thin film evaporator 103 via transfer line 7 and

supplied to autoclave 104 while adjusting the flow rate of the active
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transfer line 13 and transfer line 4 while adjusting

the flow rate of

1,1,3,3-tetra-n-butyl -1, 3-di (butyl oxy) di stannoxane to
about 4201 g / hr. The fraction containing dibutyl
carbonate was supplied to distillation colum 107 20
packed with Metal Gauze CY packing and equi pped with
copipmineats 117n andtheconétamser df27 dibatyt ondimserdii@oxiaed and
a transfer line 14 at the rate of 830 g/ hr foll owed

1oy, 3B-tetrd-h-ajutylel, 3dibutyiety) Odligtan mbaien t89 ablot 4812 g / hr.

bi s( 3- net hyl butyl ) carbonate fromrecovery line 16 at

CdiBoh Mickide wiksubplieBto tHb %téél&vé‘bz)féea life 9313#99@ r‘ﬁ%‘e of 973

cat al yst conposition of transfer was anal yzed

i G e digee.
PR s, the, Alloriaie, Ses. et Y0i6 cioet oS fime was

er on, for, ,about 600 hours, al kyl tin al] koxj de
2RI 5 B L0 e reaetion carbPadieide and the
line 16 at the rate of 16 g / hr, while 5
alkyi tis afcoxide @atﬁlyﬁhﬂgmp@s@omwaﬁﬁw@mut m gbtaimaxraaetion liquid
produced in step 1 was upplied fromfeed line 17 at
containing e dilfutyle aarbonate. Aba'lhlis 1@@actionf liquiduivdaswetransferred to
sanpl ed fromextraction line 16, and when anal yzed by

déeaoliMationaank il via tradsfee livent@iandahatont@) valvid & remove
1,1,3,3-tetra-n-butyl -1, 3-di (butyl oxy) di stannoxane,

redisusleEmpeh [6Ade, BhETAL idarbel RBRIS 'Wefst Fecdvefd fibh ransfer
from 10 tributyl tin butoxide and a high boiling point

llﬁé’mi’PnerSulﬂe@bgﬂ%l ? Eﬁéctlglq t?l%n(s Fedl - to_thin fim

Acqui sition OXI e from Conposit

ofhpo B 1o Bhefh AT E%ﬁ%'aﬁugﬁ (PR (B 12 an

in th form f 120 of the kyl tin al koxi
sypplg '@st 03|t"i' %t ai ﬁ‘lhﬁg hegpwdenatrafeed foffs  the

obt ai ned i n
1.1,3,3-tetra-n- butyl 1 3-d|(butyioxy) dlstgannoxane to about 4201 g / hr to

obtain a fraction containing dibutyl carbonate. On the other hand, the
evaporation residue was circulated to column-type reaction vessel 102 via
transfer line 13 and transfer line 4 while adjusting the flow rate of
1,1,3,3-tetra-n-butyl-1,3-di(butyloxy) distannoxane to about 4201 g / hr. The
fraction containing dibutyl carbonate was supplied to distillation column 107
packed with Metal Gauze CY packing and equipped with reboiler 117 and
condenser 127 via condenser 126 and a transfer line 14 at the rate of 830 g /
hr followed by distillative purification to obtain 99 wi% bis(3-methylbutyl)
carbonate from recovery line 16 at the rate of 814 g / hr.  When the alkyl tin
alkoxide catalyst composition of transfer line 13 was analyzed by "°Sn-, 'H-

and BC-NMR  analysis, it was  found to contain
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(1.91 nol) of dibutyl carbonate produced in step 2

were mxed in a 500 nL volunetric pear-shaped fl ask

in a glove box replaced with nitrogen and then

stoppered. The flask containing the m xture was

attached to an evaporator to 20 which was connected an

oil bath equipped with a tenperature controller, a

1vh8 Butetraumbutyid , -di(batylony) adistaoinbrane The potr gentairl \débutyl tin
outlet of this evaporator was connected to a line

dibutdadel nafter tanging dasthe! avbvedneintibAed®ontiRLESS bperation for
After closing the purge valve of the evaporator to

ab8AUSB0 & HE Uty 'upsaﬂsxuﬂaecétxﬁ&fgg&ﬂéd&nw %SVéshVaq:ted from

was opened gradudally to allow to 25 flowinto

elfiECHRfP! CIRENT {62t UG  dIO Wiy DI GESURE Gy TPl AGE  hiie

e 1 nside of the eacti on appar at us

1 P, MEEP%vEp@s%v“regﬁ%?pF’og‘épﬁ8 AWy 1 was
ShigpId fiametegchlimes 1780 M Fate 1650 hdt SARpalbZdhg of liquid were

pressure wth the E@;ge val ve of the evaporatar |eft
sampied (fraen eidteactionl e wHs andswhien Earpﬁhe@;ﬁrby i n8PMR, was
the system was gradually reduced, and residual

detesniinad 4o veondaindakoutl 68 dwtliet of ﬂhh3ﬁrmslbm-butyhéi,3}di(bhtyloxy)
systemat from20 to 3 kPa. After the distillate no

distargeoxanpp efrice dentdistiat@sk plasalitalkfNNMR  gHift$ herigimating from
bath to obtain 140.5 g of a reaction |liquid.

trfﬂatﬁttiﬁ baidx‘iﬂb anead Ng@ﬁoﬂﬁg%ﬁf b@ﬁhpbh@Ht gl frdfh Ne20 to -605

3 g of the reaction Iiquid were placed in a
ppﬁj.umstrlc 200 nL three-nouth flask equi pped with a
ree-way valve, a distillation colum packed wth

fr oS5 (2870 i@@%&@aﬁ&?@@ﬂ'ﬁﬁ% BiaRoldfg i, Gomagsiton o
D%%E@ ﬁS? ﬁtepmﬁr% 5\3\!&9 @é g8§ta§!§g épgﬁrﬁé&) &agtlvated

(Hamlton 15 Inc.) while allow ng nitrogen gas to flow
Fprmat the rate of 0.3 L/ min. The flask was imersed

in an oil bath heated to about 175C. After carrying

out Starting iswystances in the form of 120 g of the alkyl tin alkoxide catalyst

composition containing heat-denatured forms obtained in step 2 and 332.5 g
{1.91 mol) of dibutyl carbonate produced in step 2 were mixed in a 500 mL
volumetric pear-shaped flask in a glove box replaced with nitrogen and then
stoppered. The flask containing the mixture was attached to an evaporator {o
which was connected an oil bath equipped with a temperature controller, a
vacuum pump and a vacuum controller. The purge valve outlet of this
evaporator was connected to a line containing nitrogen gas flowing at normal
pressure. After closing the purge valve of the evaporator to reduce pressure
inside the system, the purge valve was opened gradually to allow nitrogen to

flow into the system and return to normal pressure to replace the inside of the
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and heating for about 20 m nutes, the tenperature of

the reaction liquid was about 167C. The pressure

i nside the apparatus was gradually decreased and
distillation was carried out at about 0.2 kPa.

Distillate 1 was recovered at 20 the rate of about 0.5

mL / mn. After distillate 1 no | onger appeared, the
reactionuagpdratisowith mitrogerar athes oidmth demiperatural wasdsaetdo about
about 0.03 kPa and distillation was continued to

1600 Vvihe flask Wakadhinerset ihhteer it Bathf and aotationSofnthe/ evaporator
mn. The distillate no | onger appeared after about 2

waeUitarted heAHlEE RSTRIIRS ahaedlingfor adPReBadlfs M hormal pressure
rel eased and heating was di scontinued to term nate

“@hsﬁ]bl ‘%Lgpgq%,lveziggﬁ?feat e hg‘nlgﬁrcI , Jhe Fﬂdréﬁgaﬁeavsvﬁs closed,

I stil d sidue in
PRSI iR st rafloiialyrd fted, BRATELIHE| dackifls were

2.and the residue in the flask, 81.2 wt% of
o Witk e Bisactng g dhe Siatem tordin 4 o3 kPa.  After the
carbonate were obtained in distillate 1 é/nile_ 99.0 .
dﬁ?'hﬁt&f"‘aﬂqﬂﬂ%lﬁﬂﬂeaﬁ%@&ﬂ?sﬁ wasdakeshedt abthe qil bath fo obtain
distillate 2. The residue in 5 the flask contained
14859 of avesstism liquid.3, 3-t et ra- n-but yl - 1, 3- di (but yl oxy)
di stannoxane, and a plurality of NWVR shifts
or i ¢Distilation SepanatiohicfiReantibn higyid) nt conponent were
observed at from-240 to -605 ppm Step (24-4):

Sub$lext,ut38. 3 X oh #ng eeditinnt liquid Wereqsiated i advdiometrico200 mL
Di al kyl Tin talyst 10 30.2 g of distillate 1

tHEEFhO@H NAse efuipPdd 3nithes SthPéa ey WA, 390di8lillation column
pear - shaped flask followed by the addition of 34.7 g

p%léé#?ﬁﬁ'l%@[i‘%& Nde 284 n@#ééﬁ'lg% 4f858%ﬁnéinh %é‘fgttlgt a 4rictionation

e solutTon was sa Ct€
oBR DR B AR ¥ Bl et anc o
SRR o 68 b S S e 8 i e et
to the flask, and after replacing the inside of the
Inc Jawkilevaiewingtnitsggen gas do flgwtinmt tgﬁ gafg ofsk3dasmin. The flask
was immersed in an oil bath heated to about 175°C. After carrying out stirring
and heating for about 20 minutes, the temperature of the reaction liquid was
about 167°C. The pressure inside the apparatus was gradually decreased
and distillation was carried out at about 0.2 kPa. Distillate 1 was recovered at
the rate of about 0.5 mL / min. After distillate 1 no longer appeared, the
pressure inside the apparatus was further reduced to about 0.03 kPa and
distillation was continued to recover distillate 2 at the rate of about 0.5 mL / min.
The distillate no longer appeared after about 2 hours, the decompression in the

apparatus was released and heating was discontinued to terminate distillation.

The amounts of the resulting distillate 1, distillate 2 and residue in the flask
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imrersed in an oil bath heated to 80C. The pressure

i nside the vessel was gradually reduced, and the

excess acetic anhydride and so forth were distilled

off to obtain 29.2 g of a residue inside the flask.

When the residue was 20 subjected to 1H and 119Sn- NMR
measurenents, the residue was determined to be a
were i@ gof/ 29 ig and 308 gbuespextiyelyt | NMRArdilysis was carried out
carbonate. On the other hand, 29.5 g of the residue
onndistilaté He distiiate 2lindithedesiduetinphe fiddk.3) 8wt lofdeicn-butyl
in a 500 nL netal pressure vessel followed by adding

bt it 1852M% STRYGly] Sfbansieshire bBRIncER disiRte 1, while

pressure vessel was then i mrersed in an ol l

95 ovm ng |3'99§l‘¥f‘8fﬂa ﬂﬁ@lt‘ﬁ?mfagrobiar?‘lleaqwﬁstlllﬁfe% ar Tﬁé%smue in

ssure vessel to coo

e g q(bi? h83T k8L LT Sitheo of 3Sﬁgﬁt@%‘?—%ﬂ@ﬂe%rd'(buty'°xv)
d%i?fﬁﬁ%@@ﬁ abd aeiingty 8 VR S e ating frrs hidt g point

t her rometer were attached to the flask and the inside
cemppnentswer%ghsawgdraéfﬂoate%ﬁqmﬁﬂﬁmmgen in a vacuum
followed by imersing the flask in an oil bath heated

to Step (2het)prSuhstituent nsxchangee Reastien afaPegcticated | orms of
reduced and the excess acetic anhydride and the I|ike

Diakyl Tin Qatalystd of f to obtain 39.0 g of residue in the
flask. When the residue was subjected to 'H and

119 30-NyRofrartillaeme nititainedein Siepd2a-Ipwede tpiadBd ffl at 800 mL
be a m xture 10 containing di-n-butyl” diacetoxy tin

pglﬁﬂs%t{ ?l.lasll rfblﬂﬁ?éd)ﬁyltﬁé rhdﬁtﬂt& bPa4co &”&céigc %an)nde and

di acet oxy nin m Xt ur

stiﬁ‘bb%h”%iﬁétﬁﬁ VR soldiof oS ShririctL A3 slibicbred to
e &Y g5 ?ﬁeﬁﬁs@r@aﬁ&nﬁmt e mas ecgmﬁ'sf%%@‘éo rhaavge been
(24-5): G oup Redistri butl on Reaction 65.

fofmegac A HﬁCIy ination hrad eAripeed with gyrefibx ﬁﬂnﬁgné%rt cermected to

sanme
a distillate collector and a thermometer were attached to the flask, and after

replacing the inside of the flask with nitrogen in a vacuum, the flask was
immersed in an oil bath heated to 80°C. The pressure inside the vessel was
gradually reduced, and the excess acetic anhydride and so forth were distilled
off to obtain 29.2 g of a residue inside the flask. When the residue was
subjected to 'H- and "°Sn-NMR' measurements, the residue was determined
to be a mixture of tri-n-butyl(butyloxy) tin and dibutyl carbonate.

On the other hand, 29.5 g of the residue inside the flask obtained in step
(24-3) were placed in a 500 mL metal pressure vessel followed by adding 57.3
g of acetic anhydride and stirring. The metal pressure vessel was then

immersed in an oil bath heated to 200°C and heated for 5.3 hours. After
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nmet hod as step (1-5) of Exanple 1 under a nitrogen

at nosphere with the exception of using 66.5 g of the

m xture obtained in step (24-4) instead of the

m xture obtained in step (1-4) of Exanple 1. Wen 'H

and 119Sn- NVR 20 neasurenents were carried out on this
reaction liquid, the reaction liquid was found to be
adlowing theemetalt pressurg vissel boicpbl Wi theevioinjty taf roandtemperature
n-butyl triacetoxy tin, and the content of di-n-butyl
(ﬁb@ﬁﬂ&%}) fhercore s veretiansfened tB 3. S00nopedirahaped flask. A
(24-6): Al koxylation of D alkyl Tin Conpounds 46.7 ¢

fl%ﬁ:tlén%ﬁlhbﬁﬂ sfupped wih 8 Tefluniic¥n@énsétSconnected to a distillate
1, ,3-tetra-n-butyl -1, 3 di (butyl oxy) di stannoxane

cWﬁé&oP%hg)é‘?I?erEi éfeg l#cﬁ] etio fH@fléﬁUﬁn?‘iﬁEQHsﬁé of the

ste e exception of using

R ek L “ﬁ@g@#ﬁ@# A o ey ok

3 ana%f@ PBin hesteanto A 17290 %ﬁ%@rg df%ﬂfie &%wéiseﬂfwg% gradually

npl e 25 Step 25 1) gwsmlon of Dialk
rgme@oﬁnaether smsma@?tlc Aanhy t@ﬁp@lﬁndh%dﬂfﬁawsr%gﬂst'"ed off to
Deacti vated Fornms 380 g of a conposition of ;
obtain t39/Q.igeaf fesidus m:bth@u fiask. byyVben the residue wasesubjected to "'H-

same nmethod as step (7-1) of Exanple 7 were supplied
and H°SmNMR| measudiements athieo resigywea masudetekinired M5ba08, mixture
Si bata Scientific Technol ogy Ltd., Japan) at the rate

cohtakfifig di/n-Biityl dAdeioNKyaln 4nd euomxgmuabétmrtm @ingtthel cohtent of

off at a tenperature of abou 0C and pressure of

dRRMB Lt ICH.Qé’etb?g tinds tﬁe ﬁ’u?thré Wé(s 330 Mt2Owhné Me EONRANBNA-butyl

wer e ecovere and 19Sn- NMR 15 neasurenents

g T

0,
o%?a{]ut}gc'i rc?-% t?t}tylggce%x@ ‘I% %%d':dscé‘d ag the raw material of the subsequent

step (24-5).

Step (24-5): Alkyl Group Redistribution Reaction

65.5 g of a reaction liquid were recovered by carrying out the same
method as step (1-5) of Example 1 under a nitrogen atmosphere with the
exception of using 66.5 g of the mixture obtained in step (24-4) instead of the
mixture obtained in step (1-4) of Example 1. When 'H- and "'°Sn-NMR
measurements were carried out on this reaction liquid, the reaction liquid was
found to be a mixture containing di-n-butyl diacetoxy tin and n-butyl triacetoxy
tin, and the content of di-n-butyl diacetoxy tin in the mixture was 87.2 wt%.

Step (24-6): Alkoxylation of Dialkyl Tin Compounds

46.7 g of a solution containing 95.1 wt% of

1,1,3,3-tetra-n-butyl-1,3-di(butyloxy) distannoxane were obtained by carrying
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295.5 g of a high boiling point conponent were

obt ai ned, and when anal yzed by 'H and 119Sn- NVR
nmeasurenent, in addition to

1,1,3,3-tetra-n-octyl -1, 3-bi s(3- nethyl butyl oxy)

di stannoxane, a plurality of 20 NVR shifts originating
from heat -denatured forns were observed at from -240

oub theés8amepmetiitnk asstep (i -6)fofiEdarBple- 1 with the exception of using
tetra-n-octyl -1, 3-bi s(3-net hyl butyl oxy) di stannoxane
650N g on gtk ireaétivn liggil dbtatrieryinstey (245 dnstebd vafsthécreaction
w% 264.3 g of the high boiling point conponent and

liqdiG: So@irfed 7P stBY 11-93 of BEedrRpEEl NihBWisthg 72ar06R10e1 mol / L
produced in step (7-2) of Exanple 7 were mixed 25 in a

. ' I
hlgalis PR ByaraRRes AR BREI 07, fatrbaume. 2

nitrogen at atnospheric pressure. Subsequently, the
reaction |iquid was supplied to a nol ecul ar

distillat, apparatus at the rate of 300 g / hr and
t he ’@s‘?%‘ﬁ%% carbonic acid ester was separated at a

tenperature of about 150C and pressure of abouyt 0.5 .
e S8 ol ACOIATN o, LNAVpORt DERHRR oM, Bipiol Tin
formof about 656 g of liquid. The high boiling point
CaonpowrshContaining figactivates Bomms ecul ar distillation
apparatus at the rate of 300 g / hr foll owed by

di st380 gtof wecompasitibn oh deactivatediennss obtainefd bpcatryingogut the
and pressure of about 0.02 kPa to obtain 251.5 g of a

shft MRéthodgagostep (TANSINEREMPRNEY lwavebeuppiieal toi atmolecular
conmponent contai hed 10

oﬁ;cﬂlﬁﬁ&ﬁtapbﬁ%gtgé’ @&EF?M@S@U,' Sib¥la Stiknfitic $8erndibdy LI, Japan)

e ot he uralrty of NWR shifts were

S U 413005, B B8 AREChneSAURETSe iy of ot a
RGeS RS bl SLauSF PR g of o
e o AR, e 2ol i 18, e s
obtained in step (25-1) were FI acegll_ in oailntscc:)gmr%nent ti-n-octvl
measuremeptaiweresrrriast oehwer) the low boiling p p : ty
(3-methylbutyloxy) tin was found to be contained at 99 wt% (see FIG. 3).
295.5 g of a high boiling point component were obtained, and when analyzed
by 'H- and "Sn-NMR  measurement, in  additon to
1,1,3,3-tetra-n-octyl-1,3-bis(3- methylbutyloxy)} distannoxane, a plurality of
NMR shifts originating from heat-denatured forms were observed at from -240
to -605 ppm. The content of 1,1,3,3- tetra-n-octyl-1,3-bis(3-methylbutyloxy)
distannoxane contained in the high boiling point component was 76.9 wt%.
264.3 g of the high boiling point component and 717.56 g (3.55 mol) of

bis(3-methylbutyl) carbonate produced in step (7-2) of Example 7 were mixed

in a flask under a nitrogen atmosphere, and allowed to react for 2 hours at
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the addition of 92.3 g of acetic anhydride and

stirring for 1 hour at 25C. Wen the solution was

sanpl ed and subjected to anal ysis by gas

chr omat ogr aphy, isoanyl acetate was confirned to have

been fornmed. A 20 fractionation head equi pped with a

refl ux condenser connected to a distillate collector
1a0dCaint ther pressnee ofenitrogenaathatinosphdrie prasskre.anBubsequently,
after replacing the inside of the flask with nitrogen

the reasteuligquid Wi $upplikdvias molendsrddistiilationcagparatastat the rate
heated to 80C. The pressure inside the vessel was

I 30084 | /¥ hresh afle redidLidlNBarORRS BickT Astér Y depdrated at a
and so forth were distilled off to obtain 78.0 g 25 of

. c ¢ . _ _
1EpREHHE of ABbHF 1505 b rerslfe ABARY SRR obigin a high
ol d . . _ : r N
o W BRI i, i B85H M JBEL A HiGP boting
e p e Lo S

adding 5 30.1 of acetic acid and 163.7 g of acetic
09D 1 Biefollewesthy disiativersepsation ot adamper afueesal abgul 240°C
then imersed in an oil bath heated to 200C and heated
gnek pressowe of Abowlr 002 dRlantp tabdaime8ll.Spgest @ dow eeiling point
to cool to the vicinity of roomtenperature (about

cbfPonante cont Fhes weme t bailmiger r pdinto acasopoment  contained
pear - shaped flask. A fractionation head equi pped with

di-rneGdty Lsis (R AdgmabutyldXyy 6A 2@ 903wt %. a Gh tid biher dand, a plurality
collector and a thernoneter were attached to the fl ask

@WMW@hiirzeswgl% 8bsdrigd fihapk mgﬁ_ﬁo%mgﬁﬁsmt WohthdHent @8Rihating
ol I owed nme I

I'n a vacuum by 1 sing the flask in an oi

85 B T AT g ESe G

educe € excess acetl

and the |4 ) re.disticlled offoto obtain 90.. 0

osi S8 (958 SThusT urfend® RefuRE Bt Behbtvatbd Forms of

supjected to 1H and 119Sn- NMR neasurenent, the

Digkartilip Geialysbiet ermined to be a mixture mainly

containing n-octyl triacetoxy tin, and the i
82.2 g of distillate 1 containing 99 wt% of tri-n-octyl(3-methylbutyloxy) tin

obtained in step (25-1) were placed in a 300 mL pear-shaped flask foliowed by
the addition of 92.3 g of acetic anhydride and stirring for 1 hour at 25°C.
When the solution was sampled and subjected to analysis by gas
chromatography, isoamyl acetate was confirmed to have been formed. A
fractionation head equipped with a reflux condenser connected to a distillate
collector and a thermometer were attached to the flask, and after replacing the
inside of the flask with nitrogen in a 'vacuum, the flask was immersed in an oil
bath heated to 80°C. The pressure inside the vessel was gradually reduced,
and the excess acetic anhydride and so forth were distilled off to obtain 78.0 g

of a residue inside the flask. When the residue was subjected to *H- and

149




10

15

20

25

content of n-octyl triacetoxy tin in the m xture was

87.1 wt% (see FIG 6). This mxture was m xed with

the previously obtained tri-n-octyl acetoxy tin and

used as the raw material of the subsequent step

(25-3). 20 Step (25-3): A kyl Goup Redistribution
Reaction 165.8 g of a reaction liquid were recovered
BBrelMR | mgasuteriérits s ahe residimdwas detepmiried)toobe  tri-n-octyl
Exanple 1 in a nitrogen atnosphere with the exception

a@éto;gltng(sbékla g%of the mixture obtained in step
) instead of the m xture obtained in step (1-4)

Of F¥AaTRe 8ther NN 0k !d g ¥ thel ARRBANY BEintRaMpoRBRNEBtained in

were carried out on this reaction liquid, the reaction

s'éé&ﬁi Q)ﬁ)’}‘d?be e et Oﬁﬁ‘egf;&rec&é&% fBlf&%ed by adding

dl aceto In an tri ace oxXy

41 a0 o 2 *%%t%z%ﬁﬁy%@hg SRS Toe ot

pg'g%ﬁéﬁ\@;'g& wag | %@%@é%sggqqmm ol %a Lg;tle%qoczoo%t ancp Reated
1, 3- bls(3 met hyl but yl oxy) di stannoxane were obt ai ned

fox 4 haurs:i nftesuallawing the reetal Prassuse vesss) to £og) ttbihe vicinity of
Exanple 1 with the exception of using 166.4 g of the
roemc tenoperaturei @bobt Z5A6) the somtpn{s2@vedd tiansfersed ¢6 a 90 mL
reaction liquid obtained in step (1-5) of Exanple 1,

peat-shaped k. MA ffacfiodationl head egquipped with as seflur condenser
hydr oxi de sol ution and 215.5 g of 3-nethyl -1-butanol

cohfected%o a7éhst|ﬁeﬁe EoRERor aRl aS&\%IPmba‘%téb weleafxeHed ® the flask

Conposition of Deactivated Fornms Forned Acconpanying

aﬁfigﬁéﬁré@l@ rﬁ?g?(%'gg’k?}ff%g'%?e‘é*ﬁ hlt?:?d?—;-frglg(g vécmh)fo%wed by
R o' e G, kel Bt 84 ice e
vBaﬁ%UWag °g”r%&8a Iy réduce%oggg QRS rex%%ggea%e ic alﬂ-ly fide and the like
were distilled off to obtain 90.1 g of residue in the flask. When the residue
was subjected to 'H- and "°Sn-NMR measurement, the residue was
determined to be a mixture mainly containing n-octyl triacetoxy tin, and the
content of n-octyl triacetoxy tin in the mixture was 87.1 wt% (see FIG. 6). This
mixture was mixed with the previously obtained tri-n-octyl acetoxy tin and used
as the raw material of the subsequent step (25-3).

Step (25-3): Alkyl Group Redistribution Reaction

165.8 g of a reaction liquid were recovered by carrying out the same
method as step (1-5) of Example 1 in a nitrogen atmosphere with the exception
of using 167.2 g of the mixture obtained in step (25-2) instead of the mixture
obtained in step (14) of Example 1. When 'H- and '®Sn-NMR

measurements were carried out on this reaction liquid, the reaction liquid was
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and a Dean-Stark tube. After replacing the inside of

the systemwi th nitrogen, the flask was imersed in

an oil bath heated to 146C and stirring was started.

After continuing to heat for about 20 minutes while
renoving the distillate, the 20 pressure was gradually
reduced, after which a | ow boiling point conponent

foursd faube leemixtuss cohiachiog idi-heoctylbdiacetedy dinnaned o-qatylhtriacetoxy
the pressure inside the systemat from76 to 30 kPa.
tikhend ks sontant 6pdiliedchd tizicetoxy tih istthelmixkureasas®1.2 wi%.

| onger observed. 722.1 g of a reaction. liquid were

obt %téﬁ@zsagt;ilﬁc’\n}yléﬁ% 8ndialidd Teh CORiPdunds anal yzing by

1H and 1195n-NMR, the reaction liquid was found to 25

contya@iny 75. %G+ -y ) _ -Nn- -

1, 1,1?,052- a$ _é{‘éﬁljté;/cﬁgttlc)er} rca?(n ég'gltnﬁylst?u%y o';?y)()ft?'r‘!’sé% etlr%.nsoctyl
% 1otri-nN+b - y 0 ting S :

1B meBiphiioR) i Toghe beré (SBibiried by Fflvipp out the

Tin A three- alve,.a distjllLatjon colum packe

sqima melnadiae Ra{1°8) StEarm | wilths bRttt ffpaces o of

with a reflux condenser connected to a distill ahe .5, ..

the reastiop liquichoblainest insier 645 instead atiesepgtionayidphtained

containing the reaction liquid, and the inside of the

irs gtepah-Heaf Exsshplect and: using ¢80 dgah of PHkemol blagugeus potassium

imersed in an oil bath heated to about 190C, and

hytirsxide sdlution ans 2405 gasf omethylti-betagob@eel FIG. FRduci ng

pressure in the systemto 1.3 kPa wth a vacuum punp

to obtain a distillate 1. Heating was discontinued and

distillation was 10 term nated when liquid distillate

was finhlBd%y observed. 93.1 g of distillate 1 were
recover and as a result of analyzing by 1H, 13C

22&8;?_?(35&@ 0}3%&‘{‘%’ S‘g?f{ E{?ﬁ{ﬁfg@} %ﬂ@%@{\‘@% .‘Ftolrms Formed
AckapRyind Rendidtion 8t Dlalky Tt CRRIES , Poo X he e tus

?)5/ ﬁqgﬁﬁﬁém%@dqﬁlgﬁgwmmﬁé‘é 3243 8%31??%0&)0891 g—ettf?yl butanol

1,1,3,3-di-n-butyl -tetra(2-ethyl butyloxy) tin. Step
apgdoea sstiresufart sﬁrciagtwaseemiaw i 'inV@ﬂ"@éfé\‘étfP%lﬁ'@&lth flask
ezagpgsedo:vith a vacuum controller, a condenser connected to vacuum pump
and a Dean-Stark tube. After replacing the inside of the system with nitrogen,
the flask was immersed in an oil bath heated to 146°C and stirring was started.
After continuing to heat for about 20 minutes while removing the distillate, the
pressure was gradually reduced, after which a low boiling point component
was further distilled off for about 20 minutes with the pressure inside the
system at from 76 to 30 kPa. The flask was cooled after new distillate was no
longer observed. 722.1 g of a reaction liquid were obtained in the flask and

as a result of analyzing by 'H- and "'°Sn-NMR, the reaction liquid was found to

contain 76.1 wt% of 1,1,3,3-di-n-butyl-tetra(2-ethylbutyloxy) tin and 13.3 wi% of
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Dial kyl Tin Catalyst 92.0 g of the distillate obtained
in step (26-2), 71.4 g of acetic acid and 145.7 g of
aceti c anhydride were placed in a 500 nL pear-shaped
flask, and 20 the flask was placed in a water bath
controlled to 30C foll owed by stirring for 2 hours.
The flask was attached to a rotary evaporator to which
tiasbelyl{Bethybutoxy) inl bat h equi pped with a tenperature
controller, a vacuum punp and a vacuum controller.
The $tepq26\H)| Separstiontof dfri-nh-biutyl ¢X-EyibUYIoXYRTin

connected to a line containing nitrogen gas fl ow ng

at R ithRle-RAEPSENE - a/efétmbubﬁr&omhﬁqoa?e’fteahmth rHélFb%chNo 3, a
the systemw th nitrogen, the tenperature of the oil

fpzﬁlélagﬁﬁ’&%a%%d étgﬁ %% W atr?ﬂ?{g]lc%ﬁheﬁeér LRI th % distillate

tiron e rotary evaporato

%6@?%%‘ AL necRietkl Hers 2By bo i ol Eﬁfé*sifﬁfﬁé *@% reaction
a residue wa ne

i ehdihe nsiadl of insplsiin was femapsd withctrage.1 o Ee fiapk was

5 anal yses, the residue was found to contain 99 w % of

lmmerﬁe%m an qilckath heated to apouht9Gh @ndrdistilationavas gafried out

the flask obtained in step (26-2) were placed in a

vgule gr_admilnlrepuelsugup@ssu&m the |9ystera toy1.8nkPadwith isonacuum

of 82.1 g of acetic acid and 232.7 g of acetic

pantiry do ictdain T eistiliatd 1pr élemting was skidcontinued e distillation was
immersed in an oil bath heated to 250C and heated for

ternfinate’t whéh diuitidistillReivis hd fortelr dbsBhRS UrDs. ¥ g&ﬁfﬂlstlllate 1
to cool, the contents were transferred to a

érreEB@él‘éﬁ anPBL-a fesulPGH ad\Fihg by 1HAL ! éﬁ@eﬂ’s\ﬂ'—NMR, the

a reflux conc?;nser connect to-a‘distil

ATy BRI SE LBy
AR5, 028 2 S e Y B R i B st o
a‘a%fmvn‘?:q e eorelud by Gt ol o NMEh e esiispapround to
c%)ﬁt%ir? 8 .30&*%%5%'1% ,%,?I;-gi-;1-hb%t;I1tg§'§(2-gtmilbsu?ﬁgxy) tin.

Step (26-3). Substituent Exchange Reaction of Deactivated Forms of
Dialkyl Tin Catalyst

92.0 g of the distillate obtained in step (26-2), 71.4 g of acetic acid and
145.7 g of acetic anhydride were placed in a 500 mL pear-shaped flask, and
the flask was placed in a water bath controlled to 30°C followed by stirring for 2
hours. The flask was attached to a rotary evaporator to which was connected
an oil bath equipped with a temperature controller, a vacuum pump and a
vacuum controller. The purge valve outlet of this evaporator was connected

to a line containing nitrogen gas flowing at normal pressure. After replacing

the inside of the system with nitrogen, the temperature of the oil bath was set
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procedure was carried out on the remaining 470.3 g of
residue in the flask to obtain a total of 650.8 g of

resi due. When the residue was subjected to 1H and

119Sn- NVR neasur enments, the residue was determned to

be a m xture 20 containing n-butyl triacetoxy tin and

di -n-butyl -bi s(2-ethyl butyloxy) tin, and the content

tof 40rQyuthe! flask avast immetrsed iim thbeoilribathuramdnestatiGn G@fviheg rotary
while the content of di-n-butyl-bis(2- ethylbutyl oxy)
dviapovator S@as2staitid. TiAfter iistillinge offidthe raxceds viddetictduid and acetic
previously obtained tri-n-butyl acetoxy tin and used

th Hhﬁerﬁﬁﬂéfﬂﬁ'@dddﬂd Qreddife SHDILAUGY, 8D o 46- éf)res%ﬁxe was
Step (26-4): A kyl Goup Redistribution Reaction 15

oﬁéinédgmofheaﬂ%gﬁ“ B9Bed cﬂf'rt]@%"}%mt% :r edsdy and_ ‘”9§n -NMR

carrying out € sane ne -5) of

ey %SE‘%?&@W@W@%M%@ of FREERH| €et§§<v tin.
Earnang, oliE hade 142529 in the Jiask 68 EP@Q@%P@& @p ey vere

'"H and 119Sn- NMR neasurenents, the reaction
Rigeed A §00rpL paetal pressure vesss! follawed by the BQ@G‘P“ °f 82.1 g of
di acetoxy tin and n-butyl triacetoxy tin, and the
asetic avid ahd #3247 iguof/aceficaarhydrides i T henmetta) presswiecvasss! was
95.2 wt% Step (26-5): Al koxylation of Dialkyl Tin
teemiarmedsed 42 a6 ¢l bathaheatedttod260°Cnand heated forls Wotkf After
10 1,1, 3,3-tetra-n-butyl -1, 3-bi s(2-et hyl butyl oxy)

ﬂbﬁ@ﬂ@(ﬁf&alvﬁégsm@ vedeed té))t:oop ahé LoRterds werd arandfired to a
rrethod as Step (1-6) of Exanple 1 with the exception

I t h | d e n
step (zd'& ﬁgdgﬂ k frﬁ@ﬁéﬁé}ﬁ;d h%\'d eﬁgfpgbﬂ qnth a reflux

St ea reaction |iqui bt al ned
ey il ;,o%zfs@»aﬁlﬁo@% $5098 il Pk racnen

td the ﬂaslstatrmlthe w?s%g n? the ﬂask wasnf%p?aced with nitrogen in a vacuum

followed by immersing the flask in an oil bath heated to 50°C. The pressure
inside the vessel was gradually reduced and the excess acetic anhydride and
the like were distilled off to obtain 159.9 g of residue in the flask. The same
procedure was carried out on the remaining 470.3 g of residue in the flask to
obtain a total of 650.8 g of residue. When the residue was subjected to *H-
and "®Sn-NMR measurements, the residue was determined to be a mixture
containing n-butyl triacetoxy tin and di-n-butyl-bis(2-ethyibutyloxy) tin, and the
content of n-butyl triacetoxy tin in the mixture was 13.6 wt%, while the content
of di-n-butyl-bis(2- ethylbutyloxy) tin was 86.2 wt%.

This mixture was mixed with the previously obtained tri-n-butyl acetoxy
tin and used as the raw material of the subsequent step (26-4).

Step (26-4): Alkyl Group Redistribution Reaction

153



10

15

20

25

Step (27-1): Recovery of Conposition of Deactivated

Fornms Forned Acconpanying Production of D alkyl Tin
Catalyst 562 g (1.56 nol) of dioctyl tin oxide, 3015 g
(23.2 mol) of 20 2-ethyl-1-hexanol and a stirrer for
stirring were placed in a 5 L volunetric four-nouth

flask equi pped with a vacuumcontroller, a condenser
conrv@tt®dy bb a veantiom jiquip were redovaradsbyr éamryibg . outf ther same
replacing the inside of the systemwth nitrogen, the

nidthel e stépeisiest ERamipi®il updeh ahaitieent atéSsherandith the
stirring was started. After continuing to heat for

exB&MiorPoh@eihg 7983 8 cf'ﬁhé PARNIr8 GbitdiRediis stdp @6°3) fhbtéadff the

pressure was gradually reduced, after which a l'ow 15

b Dot ¢ coh T
rifire "Wbified in BB D ot BRalihe 7| WhEh the Seoklicn i was
from76.16,30 kRaa T, | as 0 .
S PR At s Wyl BRgCY5S BAGh 1tRdwas found
1 B85 L oy BT i 0 Sl By B i, ana
reaction liquid was found to contain 40.1 w % of
the content af dinn-buty) diacetexy tin i the Mixkyneonds 9pidwtaes. o
wt % of di-n-octyl -bis(2-ethyl hexyl oxy) tin and 25.8
wt %Siep (26-5x-Alkoyylatere of Digliest i Cpmpaunds Step (27-2):
Substituent Exchange Reaction of Deactivated Formns of

10 Di42.&yl gin 6atalyst solatién g oforithimingeact9nn | i sd¥d  of
obtained in step (27-1), 298.1 g of acetic acid and

15114, BtelrLh-bRAAL, S-bRTRIARVIEBHYIRNG dictfmdxane awérd- obtained by

pear - shaped flask, and the flask was placed in a

|
cgﬁkg{gr@ttaﬁg%ﬁ% A etish b8 §9§Iﬁe -gb lopERdntdie Atwith tHexdedtion of

! was attac ( toar tary evap_orator
51, 5 e SABBES B S80, P i o
S99k g qptainedl'ih Sep 116} SHMExsmpl 17 BRa" iy ¥30 mL of 0.1

mol / L aqueous potassium hydroxide solution and 1951 g of 2-ethyl-1-butanol.

Example 27

Step (27-1): Recovery of Composition of Deactivated Forms Formed
Accompanying Production of Dialkyl Tin Catalyst

562 g (1.56 mol) of dioctyl tin oxide, 3015 g (23.2 mol) of
2-ethyl-1-hexanol and a stirrer for stirring were placed in a 5 L volumetric
four-mouth flask equipped with a vacuum controller, a condenser connected to
vacuum pump and a Dean-Stark tube. After replacing the inside of the
system with nitrogen, the flask was immersed in an oil bath heated to 180°C
and stirring was started. After continuing to heat for about 5 hours while

removing the distillate, the pressure was gradually reduced, after which a low
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connected to a line containing nitrogen gas fl ow ng at
normal pressure. After replacing the inside of the
systemwi th nitrogen, the tenperature of the oil bath

was set to 50C, the flask was inmersed in the oil bath

and rotation of the 20 rotary evaporator was started.
After distilling off the excess acetic acid and

bailiagi poiat pptipahent riwias futitkerc distifed ofufer aboGt 3 kdaurs with the
685.9 g of a residue was obtained in the flask. Based

pPesduie infide ithe sgétehitat frohP 6 tarsh RRASNThYRasknaay sosled after

the residue was found to be a m xture contal ni ng

nEW W, dﬁtﬂﬁf@’ Ma%CﬁBOIpKPeF 'dbs@ﬂﬁeod' -77eP8 Y |ofdh areakfioy Ifq'ul'd were

e content o n-octyl acetoxy tin in the 2

nreQat

o SdfS S dothdl 5" RELE gy, - sha %&'N“R' the
Re lstlbutlonRac on 680. 8 of ar tio o

f??‘glﬂ%d wj c{eco‘O’QFed SH rryli hg GERe 54 %a  Of
as_ste 1-5 le 1 in a nitrogen sher
107.817-Bha oEhEiRHA G EINgRERYIBNY g 638N 3 of1%t§1m e of
obtained in step (27-2) instead of th
dbnmtyiém%ettwwxylpxn) tiafauské’ﬁpﬁ wi%e mm @ml(wé'&xlh%wloxv)
liquid was subjected to 'H and 119Sn- NVR
timeasurenents, the reaction liquid was found to be a

m xture containing di-n-octyl diacetoxy tin and

tr| -Stepcwl-zga@lﬁm&uéﬁtnExmgd‘lReamohe@lt Defactivated Forms of
-n-octyl diacetoxy tin in the mxture was 58.9 wt %

Utalgylcﬂﬁt@é”télygf 10 tri-n-octyl acetoxy tin was 2.1 w%
e content of 1,1,3,3-tetra-n-octyl-di acetoxy

IO 1 s e R 1
e 343495 Boo Fﬁr‘qué'ds. 405 BERSFHLA 7 ppar shaped fask

dlstannoxane mere obt ai ned 0

agditbe fiask drpsaRiaged in elwetﬁr QP¥fE§ @dityovﬁ‘?’@ f‘qi'ewed by stirring
exception of using 678.3 of the reaction |iqui

f@b?aﬁﬁ@r@ i Thet ask zwass)attaﬁlaedeéa afrotafy evaporator t0 which was

connected an oil bath equipped with a temperature controller, a vacuum pump
and a vacuum controller.  The purge valve outlet of the rotary evaporator was
connected to a line containing nitrogen gas flowing at normal pressure. After
replacing the inside of the system with nitrogen, the temperature of the oil bath
was set to 50°C, the flask was immersed in the oil bath and rotation of the
rotary evaporator was started. After distilling off the excess acetic acid and
acetic anhydride under reduced pressure at 0.1 kPa, 685.9 g of a residue was
obtained in the flask. Based on the results of 'H- , ™*C- and '*Sn-NMR
analyses, the residue was found to be a mixture containing tri-n-octyl acetoxy
tin and di-n-octyl diacetoxy tin, and the content of tri-n-octyl acetoxy tin in the

mixture was 25.8 wit%, while the content of di-n-octyl diacetoxy tin was 58.9
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reaction liquid obtained in step (1-5) of Exanple 1,
and using 833 nL of 0.1 nol/L aqueous potassium
hydr oxi de sol ution and 1917 g of 2-ethyl -1-hexanol .
20 Exanple 28 Step (28-1): Recovery of Conposition of
Deacti vated Fornms Fornmed Acconpanyi ng Production of
Dial kyl Tin Catalyst 522 g (1.45 nol) of dioctyl tin
wi¥%.de, 944 g (5.08 nol) of 1-dodecanol and a stirrer
for stirring were placed in a 5 L volunetric

f OUfStéFL(E'ﬂ -3)] Al GeplipPRedistriutiont Redctioncuum
controller, a condenser connected to vacuum punp and a

156 d@ns gfh oA réa&fn I‘?zﬁuﬁ:&rwén%olré’éd\éged sy b@ﬁynﬁg &t tHeesame

system w nitrogen, the lask was | mrersed in an
ni%gﬁs&g?ﬁﬁ&%ﬁgﬁ%%ﬁ%%ﬁﬂsﬁ%ﬂb@%ﬂ%&*@éa o exceptin
qrfiﬁ"uis'eﬁg%“s&‘*'taﬁ' oo ee ﬁ?ﬁé B?E%aa%séﬂ“ﬁtthé miture
Siained i Hen (1:2) orExapie i aWher dhe Ter ”rsleﬂtuéava%\éblected
flask was, cool ed after new distill at e was no | ong

tebteransd| “SpNMRy measyrersgats; dhe reaelian ligwid was ToWad to be a

in the flask and as a result of analyzing by 1H and
nixbse -cdvittiningedirr-actyl diadatoxy tinvand troometyloacetoxy dinn and the
19.0 wt% of 1,1, 3,3-di-n-octyl-tetradodecyl tin, 20.2
cohtérmfof did-dityhdiaceidxydirdivdiheymbatyre was 5810 %3 theonttent of
tri-n-octyl-dodecyloxy tin. Step (28-2): Substituent

tlExcoapoe Jeasky ontinf Leact | pof edwk®l s aall  Bhal Kydonlémt  of
Catal yst 819.3 g of the reaction I|qU|d obtai ned in

1S 3. 5&%}&%0 %S Aoy ﬁlsﬂf ﬁ@hé%aé"ﬁ‘ﬁ%‘iﬂ‘ﬁe ver e

abe L pear -'shape and the flask was

: by SEepiar)aRoRiaft SPORIGATE Eonfibulls, 2, oo 'tg“ﬁd
éSL?{M“"""Iﬁt%téﬁ%ﬁaﬁﬁpﬁ’?oﬁ?&m fpins o \Hidum it ©f

a vacuumcontrol |l e
1 1 3 3-tetra-n-octyl-1,3- bls(2-ethylhexyloxy) distannoxane were obtained by

carrying out the same method as Step (1-6) of Example 1 with the exception of
using 678.3 g of the reaction liquid obtained in step (27-3) instead of the
reaction liguid obtained in step (1-5) of Example 1, and using 833 mL of 0.1

mol/L aqueous potassium hydroxide solution and 1817 g of 2-ethyl-1-hexanol.

Example 28

Step (28-1): Recovery of Composition of Deactivated Forms Formed
Accompanying Production of Dialkyl Tin Catalyst

522 g (1.45 mol) of dioctyl tin oxide, 944 g (5.08 mol) of 1-dodecanol and
a stirrer for stirring were placed in a 5 L volumetric four-mouth flask equipped

with a vacuum controller, a condenser connected to vacuum pump and a
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purge valve outlet of the rotary evaporator was

connected to a line containing nitrogen gas fl ow ng

at normal pressure. After replacing the inside of the

20 systemwi th nitrogen, the tenperature of the oi

bath was set to 50C, the flask was inmmersed in the

oil bath and rotation of the rotary evaporator was
Deaar-Stack tubs.t dAfter seplading dhefinside of dhe esysters ewitle nitrogen, the
anhydride and the |ike under reduced pressure at 0.1

fls&la wadlimmegsetf irmanesil Bath heateabloal 98T iamdt starihg asds started.
Based on the results of 1H , 13C and 119Sn- NVR

Afted|oPlRuing® hest fbicabii foouBdrd while rémaving el destillate, the
containing tri-n-octyl acetoxy tin and di-n-octyl

. ' d 1 it Wil |
prR GRS Vs E‘rébluéi rddi@ed aftef AHiEN 'a wa/qﬂd\;\llhlﬂq géﬂ |component

acetoxy timin the mxture was 3/.3 w9 [

ER AL afjned pfyfr edur BBGSth I PRSI Hogyotom =
R 7o S0P e Bl Vo 69 B e g i85 6 tonger
oeheAnn BT 378 ieablgn R e cummos i e bl as o

the m xture obtajned inngstegwsl-@ of Exanple 1. Wen
residt pbacalyzing byuiHt and ‘s §i-BIMR.dthe seagtionyliguid okas psnd to
nmeasurenents, the reaction liquid was found to be a
containur d9dbnind¥%ni af  djt, 3, 3editn-betyl-tetesdodecyli ntimnd20.2 wi%  of
tri-n-octyl acetoxy tin, and the 10 content of

dith-get@atidddebyRnat tincind B6.3 wi%hsf triinkdetyedodecyidkydint %
the content of 'tri-n-octyl acetoxy tin was 3.7 w%

and gige gemg?rsu&ftituéntlﬁa&ﬁga Reaetiof tofl Debafwited YForms of
di stannoxané was 53.6 wt% Step (28-4): Al koxylation

i JLn Conpounds 711.8 g of a solution
dggg'ﬁ é'?'b]:@r%aléilﬁﬂz W% of 1,1,3 3-tetra-n-octyl-1,3- 15

out S1REY hinGea AR EEREH N Terd ) top Tt o Pt P Byof aceti
BBV IR Mere PG 12523, Pralsthahethiashn andage fagl Wag|alaged in
aove;tglr ?)g?h ::gntiélﬁa% to 50°C followed by stirring for 2 hours. The flask was
attached to a rotary evaporator to which was connected an oil bath equipped
with a temperature controller, a vacuum pump and a vacuum controller. The
purge valve outlet of the rotary evaporator was connected to a line containing
nitrogen gas flowing at normal pressure. After replacing the inside of the
system with nitrogen, the temperature of the oil bath was set to 50°C, the flask
was immersed in the oil bath and rotation of the rotary evaporator was started.
After distilling off the excess acetic anhydride and the like under reduced
pressure at 0.1 kPa, 701.2 g of a residue was obtained in the flask. Based on

the results of 'H- , °C- and "'°Sn-NMR analyses, the residue was found to be

a mixture containing tri-n-octyl acetoxy tin and di-n-octyl diacetoxy tin, and the
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(1-5) of Exanple 1, and using 821 nL of 0.1 nol / L
aqueous potassi um hydroxi de solution and 1925 g of
1-dodecanol . 20 Exanple 29 Step (29-1): Recovery of
Conposition of Deactivated Forns Fornmed Acconpanying
Production of Dialkyl Tin Catalyst 662.0 g of a
reaction |iquid were obtained by carrying out the sane
cputendtdf did-nasctyk agetopytin in tie Midure was B8 wi%, tvhile the content
exception of using 479 g (1.33 158 nol) of dioctyl

df idixneodtylaliacetoRp fid was(2D4GwtBI1 ) of 2-et hyl - 1- hexanol .
As a result of analyzing by 1H and 119Sn-NMR, the

r eacstbgr(zslegmmyw@ﬁod@R@distrwoutereaéﬁdhl- 6 wt % of
1,1,3,3-di-n- octyl-tetra(2-ethyl hexyloxy) tin, 15.7

wt %6§8.4C§ :oﬁ'é’?éd tiogi' g(éLﬁd aléd Fé(;é)%())e?éd’)by_t i:é‘rrg{igpé’lft- fhe same

wt % of tr -octy yl hexy 5 tin.

_2) | ' t . ' .
o B B EBEle b ¥iBged imBbghéts Vi Hd Sfbeptin
SUhE o4 58 o Pl iaPBAA 468,258 BHEBETY ferixure
ter bath trolled t 50 [ d by 10 heati .

ohiRingg i stort 1) OF G¥ABING. 1. TIUNSR ABK e on ki avps Subjected
roqtary eyaporator to which was connected an oil bath
teqhi-pst ' WENINMR mgesusemeets, dogtreactian liquidywas faupdide be a
and a vacuum controller. The purge valve outlet of

nhilkkure axomtzinimgagion-actyl diecetoon tincaredl tri-o-actyli aeetoxy tin, and the
containing nitrogen gas flow ng at normal pressure.

obhteit ofefinagdtpodibbetoxpindi;y Wie nbeuky wae BIM wWt%l, 3he content of
nitrogen, the tenperature of the oil bath was set to

P octyne Aédsky Wasin | W sed 7 n W%, oi lapBat khand content  of
rotation of the rotary evaporator was started. After

14 B3 Adt DA R didleer 657 BREarfHoahE Wi B3 8WRCet ! ©
anhydri de under Teduce

Step (28-4): Alkoxylation of Dialkyl Tin Compounds

711.8 g of a solution containing 92.2 wt% of 1,1,3,3-tetra-n-octyl-1,3-
didodecyloxy distannoxane were obtained by carrying out the same method as
Step (1-6) of Example 1 with the exception of using 695.9 g of the reaction
liquid obtained in step (28-3) instead of the reaction liquid obtained in step

(1-5) of Example 1, and using 821 mL of 0.1 mol / L aqueous potassium

hydroxide solution and 1925 g of 1-dodecanol.

Example 29

Step (29-1): Recovery of Composition of Deactivated Forms Formed
Accompanying Production of Dialkyl Tin Catalyst

662.0 g of a reaction liquid were obtained by carrying out the same

method as step (27-1) of Example 27 with the exception of using 479 g (1.33

158




10

15

20

25

pressure at 0.1 kPa, 568.2 g of a residue were

obtained in the flask. Based on the results of 1H |,

13C and 119Sn- NWR anal yses, the residue was found to

20 be a mi xture containing di-n-octyl diacetoxy tin,

and the content of di-n-octyl diacetoxy tin in the
mxture was 84.2 wt% Step (29-3): Al koxylation of

nisIplok ydiodtyh fiCcoride zohel 3594 § 200 mob)oblilrethylebieaanding As a
81.1 wt%of 1,1,3,3-tetra-n-octyl-1, 3-

rédui of @anzh@(bh(OW) afdl STESSmNKMR e thee réactimiiggid Wsis found to
carrying out the sane 25.nethod as Step (1-6) of

cEﬁfywhq 6 wivd Bf Hhe3exaeRs | b&gl ltra(2i1ByIRERYISxH B, 1517 wt% of

9 reaction |1qui'd obtain in step (29-2) instead of

T e e

thydrOX|de solutlon and 1558 g of 2-ethyl-1-hexanol. 5
'Exawple 30 Step (30-1): Recovery of Conposition of

Deacti v For Accon'panyl ng Production of

Di aI%?P?ﬁ%)Cﬁ?gﬁy@f'o% actign ot o reactl on I i qU| d wer e

obt ai ned by carrying out the sane net

(28660. b ekthepreactigniquid ohtaiagd érp;tst%m (%$ 1&54%0599)fgacetlc
(1.50 10 nol) of dioctyl tin oxide and 1670 g (8.98

apiol #nd# 34t goefcanedic. antyeirideaweieoplacedin & 2dnpaanshapedilask,
wt % of 1,1, 3,3-di-n-octyl-tetradodecyloxy tin, 21.4

ahtl%l'@f flask -wa pladeddird @daayérobssith controled! 3o 0156°% ddliowed by
tri-n-octyl dodecyloxy tin. Step (30-2): Deal kyl ati on

hBﬁ '@ﬁh@ﬁ?fnﬁ? ol 18 REgisdUETHET Ragkotviad efttached fd aaSkrotary
by carrying out the sane 15 nethod as step (29-2) of

reggi{élt onl%fl qui d OE tal ne EEIanthgf b%@og%l%gggw'%‘ %fte?ﬁ?erature
B, Ao gy e S S oo
oﬁﬁﬁﬁ_gﬁqn&? %a;&grn Q;;@agsﬁgn%éeg " to %oPﬁé'" c%ntz%mng nitrogen gas
flowing at normal pressure. After replacing the inside of the system with
nitrogen, the temperature of the oil bath was set to 50°C, the flask was
immersed in the oil bath and rotation of the rotary evaporator was started.
After distiliing off the excess acetic acid and acetic anhydride under reduced
pressure at 0.1 kPa, 568.2 g of a residue were obtained in the flask. Based
on the results of 'H- , 13C- and ""°Sn-NMR analyses, the residue was found to
be a mixture containing di-n-octyl diacetoxy tin, and the content of di-n-octyl
diacetoxy tin in the mixture was 84.2 wt%.
Step (29-3): Alkoxylation of Dialkyl Tin Compounds
577.8 g of a solution containing 81.1 wt% of 1,1,3,3-tetra-n-octyl-1,3-
bis(2-ethylhexyloxy) distannoxane were obtained by carrying out the same

method as Step (1-6) of Example 1 with the exception of using 565.9 g of the
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the content of di-n-octyl diacetoxy tin in the mxture
was 71.1 wt% 20 Step (30-3): Al koxylation of Dialkyl

Tin Conpounds 704.0 g of a solution containing 65.8

w % of 1,1,3,3-tetra-n-octyl-1, 3- di dodecyl oxy

di stannoxane were obtai ned by carrying out the sane
method as Step (1-6) of Exanple 1 with the exception
rexctioni @i 0Btathey f stepeg(20ednsiead ofi thairdactivraliguid abtained in
step (30-2) instead of the reaction liquid obtained in
sfiableﬁl-gﬁo{ Exanpd 1ExAdNIsng 833NHL WS i01Y nEAQ IMagaéols potassium
no

L aqueous potassium 160 hydroxi de sol ution and

hg(?r%&o% é’éiu@?ﬁ@ﬂ&%gg' of SRMMAMAhéhdExanpl e 1 Heating

nposition of ctivated Fornms of Dialkyl Tin
Catalyst 5 175 g of the conposition of deactivated
forns obtained in step (16-2) of Exanple 16 were

pl aced i 500 nL pear-shaped flask under a nitrogen
at w%eﬁé'%%gt at nospheric pressure. A Dinroth

condenser and three-way _valve were tache t he

f1 asitep 438-DhReanves! \oly CoRRASTtinRs of Herttvated Foms Formed
l'ine containing nitrogen gas flow ng at nor mal

Apcempanying Ryotbetion afs%iauagﬁmﬁatajﬁ in an oil bath
preheated to 220C and heated for 90 hours. The fl ask

was 86Heh ¢ oblae deactibnl liquid weod aobtaiokdtbycamying out the same
recovered in the flask. Wen 11-1- and 119Sn- NMR

ME2R6d a8nstep 128LN of Exarmpeie 28 withathetdiceptioh Wfiusing 688 g (1.50
peak corresponding to

nﬁ;l)loﬁd%t tihasid@ Fndl 187 Bgisdnfi iyt Pidadeddddl. The reaction

I'st annoXane was found to have 15 ‘di sappeared, and

VTR A PDIER 88 0, LoLo B A BN 60 e o
e e
e ST S BES B ph 1 2 o D 10 vere

603.6 g of a residue were obtained in a flask by carrying out the same
method as step (29-2) of Example 29 with the exception of using 848.3 g of the
reaction liquid obtained in step (30-1), 449.1 g of acetic acid and 488.6 g of
acetic anhydride. Based on the results of 'H- , *C- and '"®Sn-NMR analyses,
the residue was found to be a mixture containing di-n-octyl diacetoxy tin, and
the content of di-n-octyl diacetoxy tin in the mixture was 71.1 wi%.

Step (30-3): Alkoxylation of Dialkyl Tin Compounds

704.0 g of a solution containing 65.8 wt% of 1,1,3,3-tetra-n-octyl-1,3-
didodecyloxy distannoxane were obtained by carrying out the same method as
Step (1-6) of Example 1 with the exception of using 600.3 g of the reaction
liquid obtained in step (30-2) instead of the reaction liquid obtained in step

(1-5) of Example 1, and using 880 mL of 0.1 mol / L aqueous potassium
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flask under a nitrogen atnosphere followed by the
addition of 191.0 g of phenol (for nucleic acid
extraction, Wako Pure Chem cal Industries, Ltd.,

Japan) and stirring for 1 hour at 40C. A fractionation
head equi pped with a reflux condenser connected to a
distillate collector and a thernoneter were 25
hgtitoxideesolution hadf2635kg chhaicaliecanol he i nsi de of the
vessel was replaced with 161 nitrogen in a vacuum
the flask was immersed in an oil bath heated to 50C.
The pressure inside the vessel was gradually reduced

d S I d the Iik distilled off
o A E BB, P oci due in the flask. Vhen Lh

d - / t
f‘&w&%ﬁ%ﬁ%@%ﬂéﬁ%% 8 TSt Ol P Tind Cotaiyst
tri- t h t
s A o M oL Syl AR ko 2 o
ST A s ok 4 e S ool o fhoser
of tri-n-oct}/ phenoxy tinin the mxture was 25
almogphere ahatmesphesia perssyre.n-ddiroth sredenser aﬂd vheee-way
59.3 wt% 10 188.6 g of the m xture were placed in a

vahe werenettathgu tsther flasks andl theuthoea-waynvalve was connected to a
at nrosphere. The netal pressure vessel was imrersed in

a8 contdinibgirnitrog gds flowiig04t rorcha pedssliréor 6 hours.
After allowing the pressure-resistant reaction vessel

to o fdsk was |ﬁ4frrér§1éd h &h ofl B pRRRAEd t8 220°d%?|d heaited for
of a reaction |1 quid were recovered. Wen 1H and
1 VR
SBT3 12, g2 g wers
{ th fi
b 0 AR 3k %e?’a&%\-'éﬂfﬂ’hkﬁ#? eﬂts%fe

wt % Conparative Ex le 3 2Q Step 1-1): ara
o8 Tri%h- oca'i"ﬁ (3- §@Hﬁ9n'buty y) 'ﬂ 66. 505"3 mg to

distillate in the f

yl
1(hsragtqtga-mgcpyl-axs}rplq(&etmgb@tyloxy) dlstannoxane was found to have
disappeared, and a peak corresponding to tri-n-octyl(2-ethylbutyloxy) tin and a

plurality of peaks within a range of from -220 to -600 ppm were observed.

Comparative Example 2

175 g of a composition of deactivated forms obtained using the same
method as step (16-2) of Example 16 were placed in a 500 mL pear-shaped
flask under a nitrogen atmosphere followed by the addition of 191.0 g of
phenol {for nucleic acid extraction, Wako Pure Chemical Industries, Ltd.,
Japan) and stirring for 1 hour at 40°C. A fractionation head equipped with a
reflux condenser connected to a distillate collector and a thermometer were

attached to the fiask, and after the inside of the vessel was replaced with
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obt ai ned by carrying out the sanme nethod as step

(11-1) of Exanple 11 using 300 g of a conposition of
deacti vated fornms obtai ned using the same nethod as

step (7-2) of Exanple 7. The residue in the flask
contained 77.1 wt % of 25

1,1,3,3-tetra-n-octyl -1, 3-bi s(3-net hyl but yl oxy)
ndrcgemnmnaanwuuemdhecﬂaskdua@ immerds? il aseiNhath heated tg 50°C.
of a mixture of organic tin conpounds containing tin
Thieopressaieningiler thiel vasse! pasr griadugliy feduoed ard thehiektessaphenol
from-240 to -605 ppm Step (111-2): Substituent

aRdaRamge iR distiledadff f btairP 8910 g bPalbesidue mthe flagk. When
Tin 5 65.3 g of the tri-n-octyl (3-nethylbutyloxy) tin

1abt e r I [P yrr-pely)
geaaiﬁd;har?erg ﬂ ask(e:f?l E+'re11)|e b@’etr c?a?g%?t(:j\gnoﬁfﬂué"f-remdue the

C
Pridud Bhi: TR 30 B8 BuRLIE |47 i D %etf| pfehoRy i i fhocty
GRS T R b SR aacﬁaz:%gr‘fénsvaﬁng
A i cnaeehgune g i ot o U RSk Dedig 35 4B o
The pressure inside the vessel was gradually reduced
Thedcontant of ddnmyoctylcphenexyatia iaxbespidere: wasathgdmi’eand the
were distilled off to obtain 65.3 g of a residue in

cohtent lof din-ddbd diphenceydinas59NMRt ¥%easur enent were
carried out on the residue, the residue was found to

be t188.6106f e AftURX Were placdd imad20tenic enétahpre¥isure vessel
tri-n-octyl acetoxy tin was 99 wt% Step (111-3): Heat

u-ﬁﬂéﬁh_'i‘ﬁl%%r Oat-ﬁﬁbs;ﬂ'ré?ét Yirh&esétakprebsirévessed wak immersed in an

reaction duct 'were recovered by carrying out the

B BE Tt 6526, m hepled BT Phduikh | IAREE sllgwing the
p%%%]sé{?%%gélgﬁd (59§<§i@6'0 yé Szﬂjf tgfcogxiqrgﬁg vif:ﬁmb@é% F&ﬁl l{éﬁgerature
AR B0 TRRRor TR e snciebdc e el s
rr?g;stuarltiar?\e?m? were carried out on this reaction liquid, the content of tri-n-octy!

phenoxy tin in the reaction liquid was found to be 36.4 wt% and the content of

di-n-octyl diphenoxy tin was 41.1 wt%.

Comparative Example 3

Step (llI-1); Separation of Tri-n-octyl (3-Methylbutyloxy) Tin

66.5 g of a distillate in the form of tri-n-octyl (3-methylbutyloxy) tin were
obtained by carrying out the same method as step (11-1) of Example 11 using
300 g of a composition of deactivated forms obtained using the same method
as step (7-2) of Example 7. The residue in the flask contained 77.1 wt% of

1,1,3,3-tetra-n-octyl-1,3-bis(3-methytbutyloxy) distannoxane, and according to
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wt % of tri-n-octyl acetoxy tin. Conparative Exanple 4

25 Step (I1V-1): Substituent Exchange Reaction of
Deactivated Forns of 163 Dialkyl Tin Catalyst 232.1 g

of the residue in the flask obtained in step (I111-1)

of Conparative Exanple 3 were placed in a 500 nL

nmetal pressure vessel followed by the addition of
"M8R-MMR, @32:8 gtofa mitiywr ofdsrganid tirt compogndsThentairting tin atoms
pressure 5 vessel was imrersed in an oil bath heated

defotabiating @ pasdiefof siericapstiifts at Avher240 100606ppnhe

nmetal pressure vessel to cool to the vicinity of room

: g@gggumnéﬁb%u&%@emt heyehBhgat S REctiohr anst erTria-octyl

pear-shaped flask. A“fractionati on head
' i refl ux condenser connected to a

@'M%tﬁ?ﬁg{%%lmctor and a thernoneter were attached
to t fl 10 and ter, the inside . . e
wais B3 @Sttt Ahipiny Sl dGL U oBlaihgd if BBl were
imersed in an oil bath heated to 50C. The pr.essur
placedyin anid0 wls pepr-wRapred 2@&&@[}0\%8&% &,AH0fiRR of 61.1 g of
excess acetic anhydride and the like were distilled
agetic t anhyldirigien apda stirripgoffora 1r dsiuguat i25°Cne A frartiongtion head
1H and 119Sn- NMR neasurenent were carried out on the
eqaiipgdewithha reflsk deendensel Tonneatéd to #e distilfialer gollector and a

contai ning di-n-octyl diacetoxy tin and n-octyl

thaémasratex werki gttached tb ke flask ead aftedtheninsideydf the vessel was
di acetoxy tin in the mxture was 77.8 wt% while the

r%ﬂﬁ&@?‘twiﬂf n'itrc%b‘érﬂn ' VAGRIRX he lBskagas Iminatbéd iS4 oil bath
1V-2):

): Heat Treatnment of Deactivated Forms of

)1 459 TR RRB L P o 0 0l el an
ol S oGO B oS8 40P oty Refe b 4% omai
G%tl&?g)o(f:ﬁvr_els%ddeniﬁttﬁg QIagL. t\'?\?‘he'ﬂ '?ﬁ-uér?d ﬂbér?-iﬁ}ﬁﬂ ringagttjr%%\ent were
carried out on the residue, the residue was found to be tri-n-octyl acetoxy tin,
and the content of tri-n-octyl acetoxy tin was 99 wt%.

Step (111-3): Heat Treatment of Tri-n-octyl Acetoxy Tin

62.4 g of a reaction product were recovered by carrying out the same
method as step (1-5) of Example 1 with the exception of using 63.3 g of the
tri-n-octyl acetoxy tin obtained in step (Ill-2) instead of the mixture obtained in
step (1-4) of Example 1. When 'H- and "°Sn-NMR measurements were

carried out on the reaction liquid, the reaction product was found to contain 98

wt% of tri-n-octyl acetoxy tin.

Comparative Example 4

Step (IV-1): Substituent Exchange Reaction of Deactivated Forms of
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Exanple 1. Wien 1H and 119Sn- NVR neasurenments were
carried out on the reaction liquid, the reaction
liquid was found to be a m xture containing 25

di -n-octyl diacetoxy tin and n-octyl triacetoxy tin,
and the content of di-n-octyl 164 diacetoxy tin in
the m xture was 77.7 wt% while the content of n-octyl
DiatkkplcBh @Gatalyst n was 22.1 wt % Industrial Applicability
5 Since the dialkyl tin conmpound production process of

t he 232¢5 gnéf themesiduiedn theflabk obtaided in stegh(Ifl+ 9| af Cearmparative
the production of carbonic acid esters and ester

aéﬁﬂﬂéqsevie?é%;a@é& in @906 Ak Mstal iResNeuEddsen fallbived by the
reuse of dial'kyl tin conpounds and dialkyl tin

f g § t
R B1. 81 o of oty Snkpiiing ' SR | “THKISnital pressure
t her.e was no choice bu
VBES WiR imfikckeit i 3n it befl,dCae P gielf g3 owrs.
A Bl e e oA SR i ;ﬁe“‘im@ o oo
process for producing a dialkyl tin conpou
teypppratdiendabout R ASED, rtbeaceatw&,uwer&n tfﬁn%era%%ctq vat P mi
formof a dialkyl tin catal 5 which is forned
peaeshaped flaskg &nfresh@nat eaddequp@d twith @& seflun copdenser
catalyst, to an al kyl group redistribution reaction

cendécteddoa digtilkdte aolleetac ahdra thermdheter wens attachest i the flask,
to daim1l, wherein the dialkyl tin catalyst is at

angasfterane uﬁéiﬂé dffthé Q&E@émﬁ'a§ pbsiaéad withanitrbgen gn @uwacuum, the
consi sting of di al kyl 10 tin conpound represented

flrgélé ﬁvgﬁsﬂbﬁ\g?%éd ?H; %B%@fﬁé@é@ @ 56RNOYRE PresUFRHEEe the
vessel was gradually reduced and the excess acetic anhydride and the like
were distilled off to obtain 248.2 g of a residue in the flask. When "H- and
"°Sn-NMR measurement were carried out on the residue, the residue was
found to be a mixture containing di-n-octyl diacetoxy tin and n-octyl triacetoxy
tin, and the content of di-n-octyl diacetoxy tin in the mixture was 77.8 wi%
while the content of n-octyl triacetoxy tin was 22.1 wt%.

Step (IV-2): Heat Treatment of Deactivated Forms of
Substituent-Exchanged Dialky! Tin Catalyst

244.8 g of a reaction product were recovered by carrying out the same
method as step (1-5) of Example 1 with the exception of using 245.4 g of the
mixture obtained in step (IV-1) instead of the mixture obtained in step (1-4) of
Example 1. When 'H- and "°Sn-NMR measurements were carried out on the

reaction liquid, the reaction liquid was found to be a mixture containing

di-n-octyl diacetoxy tin and n-octyl triacetoxy tin, and the content of di-n-octyl
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Rla -Si-X2d (1) R2b 15 (wherein each of Rl and R2

i ndependently represents a |linear or branched al kyl
group having 1 to 12 carbon atons, each of X1 and X2

i ndependently represents at | east one type of
substituent selected fromthe group consisting of an
al koxy group, an acyloxyl group and a hal ogen atom
dRetoxyrtih in thedaptureamas Y7 i7aptle sehile the donterdaf nedctgl riacetoxy
2 and a + b =2, and c¢ and d independently represent
tinwag2zaanwf 0 to 2 and ¢c + d = 2; X3 R6 Rae -S|
-OSRh RS9 (2) Raf Xa 25 (wherein each of R3, R4, R5
and R6 independently represents a linear or 166
branched al kyl group having 1 to 12 carbon atons, each

: ?ﬁﬁ' sndependently represents at | east one
l@%ﬁéﬁg gu gwﬁguent sel ected fromthe group

cong.sting of,. al.kox roun, 0 I Ol Py@n

o hariate e cifkdnting eamipthg pRBARh blosesd B I brosent
_represent an integer of 0 to e + f = 2 and .+ h =
invetign opRcbe, uSEdda %-55!6&#%583%8 Bragution olearpRic; a¢id esters
formulas (1) and (2), the nunber of carbon atons )
apdrester exchagor reasionsxangrenabies thespragdvstien and reuse of dialkyl
selected froman integer of 0 to 12. 4. The process _

tia coonburylst anchdialkyh tin catatysts mseful as catalysts fesinn compositions of
ester conpound is at |east one type of conpound

deatevited formsnof lkalkyldtirocatalysts fari wiichfthese tvasyio cheicedut to
ester, carbamnic acid ester and isocyanate.

be discarded in the past, the production process as claimed in the present

invention is extremely industrially usefut and has high commercial value.
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15 5. The process according to Caim4, wherein the
carboxylic acid ester 1is a carbonic acid ester . 6.
The process according to Claimb5, wherein the
conposition of the 20 deactivated formof the dial kyl
tin catalyst is a conposition containing a

deactivated formof the dialkyl tin catal yst generated
during a step of produci n€LAIMSrbonic acid ester from
carbon di oxi de and the dialkyl tin catalyst. 7. The
W efis according to any one of Clains 1 to 6, wherein
the 25 deactivated formof the dialkyl tin catalyst
'S q he@bf&%@gfb?f gt‘o%ﬂuc i udikyl iR cohfouticlchitlprisiny:

. 8. The proces f

cat al yst according to any one o

G SHB1R { AN L8 RIS, sl o,
o ikl o iRt o0 B0bl B BBt Mg on
P35 b ok o SR B sl R fon.

catalyst. 9. The process according to any one of

Clainms 1 to 8 wherein at |least 10 one type of the
deactivated formof the dialkyl tin catalyst is a )
tri & kyThe processraumonding 10.Clalne 1pmdwrein thecdiatiyhtin atalyst is
any one of Clainms 1 to 9, wherein the deactivated

at a5t ohetthpe dif ddmpouridiseletidyfsomi theagroup atdngistingrof a diaiky!
conpound and an 15 organic tin conpound containing a

tih| Eo@?%ﬂhgefﬁb?égéﬁbﬂnﬁyaf&m Cﬂ') ahiif & eitrdaliem didBhnoxane

to - ppm based on a'tetranethyl tin when anal yzed

= ' ﬂ'ﬁ@ﬂf l.orof ormsolution. 11. The
%%88@’@‘@%‘8%&@#93’50 Ay 10, further conprising

separ ati ngx',20 the conposition of the deactivated form
of the dia|ky| tin catalyst into a
R', —Sn—XZ '

(M
R%
(wherein each of R' and R? independently represents a linear or branched
alky! group having 1 to 12 carbon atoms,
each of X' and X? independently represents at least one type of
substituent selected from the group consisting of an alkoxy group, an acyloxyl
group and a halogen atom,

a and b independently represent an integer of Oto2anda + b = 2, and

¢ and d independently represent an integerof Oto 2and c +d = 2;

T
R3, s.|. o S|n——R5g 2)
R4 X4

(wherein each of R}, R*, R® and R® independently represents a linear or
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conposition containing the trialkyl tin conpound and a
conposition containing the conpound containing a tin

atom denonstrating a chem cal shift at from -220 to

-610 ppm based on a tetranethyl tin when anal yzed by
119Sn-NVR in a heavy chloroformsolution. 25 168 12.

The process according to Caim1ll, wherein the

bsaainedtalioyl geowp hagingchta 12dadthan alpmes, | east one net hod
selected fromthe group consisting of distillation
sepaiaehi of, X andepaaiently oreprosernte mht deast one type of
separation. 5 13. The process according to any one of

sGhatitiBntlsdiBctéd. frofiah&igrolP cansiaARE df it alRERy @foud, an acyloxyl
conjugated acid wth respect to af |east one

Etﬂ? @FBW? ps bound to tin atons of the
g e C%I:‘(?/gtei{émcloq ormo gétrﬁ]ue dial kyl tin catalyst other

Eg? % ?,‘g %Ing %%gae@%}%ﬁ%ﬂrﬁ%r&{iﬁnﬁ%ﬁg%% ﬁ)yi ¢ i-i-nf =2andg

+regi tribution reaction is an al kyl group

fL3i%tribution reaction in which an organic tin

conmpound having an Sn-Y bond (wherein Y represents Y

in which pKa of a conjugated acid of Y in a form of

HY, in which a hydrogen atom has been added to Y, is

0 t &. 6. B)e prodasstacooedingde Glim42, wherejn it frmulas (1) and (2),
according to any one of Clainms 1 to 12, wherein in a
theaswntivert oparlndn atoms] ogastitdtieg X, WK, hX? et iso aanumber
| east one substituent anong groups bound to tin atons

sélectetefré®ai intederdfiolomaf the dialkyl tin catalyst
ot her than al kyl groups originating fromthe dialkyl

tin catalyst is 6.8 to 25, 20 the al kyl group
redi stribution reaction conprises the steps of: (A

o' B LTk BodbaPL o OTONEHE MGG B Bertin e
he deact i vdat ed forsrpéex | udi ?

etster compound Is at lea ne type o "’rlrr}]pound selected from the group

consisting of carboxylic acid ester, carbaminic acid ester and isocyanate.

5. The process according to Claim 4, wherein the carboxylic acid ester

is a carbonic acid ester .

6. The process according to Claim 5, wherein the composition of the
deactivated form of the dialkyl tin catalyst is a composition containing a
deactivated form of the dialkyl tin catalyst generated during a step of producing

a carbonic acid ester from carbon dioxide and the dialkyl in catalyst.

7. The process according to any one of Claims 1 to 6, wherein the

deactivated form of the dialkyl tin catalyst is a heat-deactivated form of the
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al kyl group originating fromthe dialkyl tin catalyst
and bound to tin) with a substituent Y; and 25 (B)
heat-treating the organi c conpound having an Sn-Y bond
and 169 obtained in step (A (wherein Y represents Y
in which pKa of a conjugated acid of Y in a formof
HY, in which a hydrogen atom has been added to VY, is O
diakyl éingatalgsti5. The process according to Cl ai m 14,
wherein the step (A) conprises producing an organic
tin conpound having an Sn-Y bond in which three al kyl
groups and a single Y group originating froman acid
and/gor B presdasdatstidingeto RAYNEné GfaCRIME! £ toi 7\ @herain the
and an organic tin conpound having an Sn-Y bond in

deBeiatéd ?d’arﬂ%fﬁtrié &i&ikggfigegtom iaiEHeavatell £l 0P RS dialkyl tin

origlnating from an and/ or acid anhydride, the
r9f X [ - ecl r | fpfe f

A o tnefi] ROAT 13 R CHE Spfivet; BMARN' (S AfinbeP of alkyl

the co itian of.. deactjvated formof .the djal

ofotip BEIBR Jae! Sino i, afalE e fort 308 et of Y Boup bound

fol | ow nig forrrugﬁ (3%} a\n_d/or the acid anhydri de

te asingle inatomofithe d@lkylsin ¢alysbr nul a (4): 15 Hy (3)

(wherein Y represents Y in which pKa of a conjugated

acid of Yin a formof HY, in which a hydrogen atom

has been added to Y, is O to 6.8); YOY (4) (whereinyY

r epr@es eThea progassvatcondipgdo @nyaonenof Glaimed! ta Bdwbereinial least

a formof HY, 20 in which a hydrogen atom has been

odddpet of Yhe ideddtivated. formainfl ther dinlkgh dint satalyst dx yaydrialkyl tin

aton). 16. The process according to Caim 15, wherein

cbhfporngP (A) is carried out while removing water
generated during a use of acid in the step (A) by at

10. The process according to any one of Claims 1 to 9, wherein the
deactivated form of the dialky! tin catalyst is a trialkyl tin compound and an
organic tin compound containing a tin atom demonstrating a chemical shift at
from -220 to -610 ppm based on a tetramethyl tin when analyzed by

"¥Sn-NMR in a heavy chioroform soltution.

11. The process according to Claim 10, further comprising separating
the composition of the deactivated form of the dialkyl tin catalyst into a
composition containing the trialkyl tin compound and a composition containing
the compound containing a tin atom demonstrating a chemical shift at from
-220 to -610 ppm based on a tetramethyl tin when analyzed by '"°Sn-NMR in a

heavy chloroform solution.
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25 | east one nethod selected fromthe group consisting

of renoval with a 170 dehydrating agent, distillation

separation and nmenbrane separation. 17. The process

according to any one of Clains 1 to 12, wherein the

deal kyl ati on reaction conprises formng an Sn-Y bond

by elimnating an alkyl 5 group fromthe deactivated

f or Maf Thee prhceiskydccording do llainn 1(lwwdhesein thier sgpasation step is

Y in which pKa of a conjugated acid of Y in a form of

cHified UMBC At deably dheometiadd selerted deom athdedraup Conbisting of
O to 6.8). 18. The process according to any one of

d@tmbfr@n aebara%én slipiction sepfaratich a@hiethBfane séRagfiorPn
forms a single Sn-Y bond by elimnating a si ngl e al kyl
group fromthe trialkyl tin conpound contained in the
conposition of the deactivated formof the dialkyl

o st ednd o GRARRCH Ribgp

conj of Y i,n a form of h a .
HIR e RRG: o Sartadied add avits Sened tg' A st glgubstiuen
19. The process according to Claim 18, wherein

amQng SECURS: pound ttpetin Q*PWSU?fntﬂ‘ecéﬁ%‘PﬂVé&d rf@raetqfﬁget gialkyl tin
trialkyl tin conpound contained in the conposition of
catalysieatber tharealkybgraups originating frpm the: disdky (tinscatatyshis 0 to

~an acid 20 represented by formula (5) and | or an acid

6a\hydri de represented by fornmula (6): HY (5)
(wherein Y represents Y in which pKa of a conjugated

aci ghef alkyi grcﬂjrf Pedisfibutiin redttivhi haa Aikgr g&ﬁip e@Rtribution
has been added to Y, is 0 to 6.8); 25 YO

f t
ré%\?iging Trpvﬁllc{]hegﬁ §5ﬁl§ tih 'c’Bn'}ﬂEiuﬁB RaAng anaSﬁWJtib‘ﬂuﬁ @&hereln Y
represents Y in which pKa of a conjugated acid of Y in a form of HY, in which a

hydrogen atom has been added to Y, is 0 to 6.8) is heat-treated.

14. The process according to any one of Claims 1 to 12, wherein in a
case that pKa of a conjugated acid with respect to at least one substituent
among groups bound to tin atoms of the deactivated form of the dialkyl tin
catalyst other than alkyl groups originating from the dialkyl tin catalyst is 6.8 to
25,

the alkyl group redistribution reaction comprises the steps of:

(A) obtaining an organic tin compound having an Sn-Y bond by
substituting all or a portion of the ligands of the deactivated form (excluding an
alkyl group originating from the dialkyl tin catalyst and bound to tin) with a
substituent Y; and

(B) heat-treating the organic compound having an Sn-Y bond and
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in which a hydrogen atom has been added to Y, is O to

6.8, and O represents an oxygen atom. 5 20. The

process according to Claim15 or 19, wherein the acid
and/or the acid anhydride is a liquid or gas at 60C.

21. The process according to Cl aim 20, wherein the

acid is a hydrohal ogenic acid. 10 22. The process

chtained imgtepd AJI(wherddl Y wipeesents tYhie wibicH pka af aygdnjugated acid
hal i de. 23. The process according to Caim 20, wherein

of eiragifdmh of HY,0hoRNich a hydrgeh. atom habdbaanoadded to Y, is 0 to
according to Caim23, wherein the organic acid is a

5(;%[ boxylic acid. 20 25. The process according to Claim
wherein a standard boiling point of the acid
anhydride is 300C or lower. 26. The process accordi ng
to Caim?25, wherein the acid anhydride is acetic

anhy, lei Th
Acco e brodRss sheBBpel Cimi . el Ik Gk @ gerises
n _conpound has t alk

prodieite an-reanic i compavpe, hevinar apodid bend %Mﬁg tjigR alky
atom whi | e si mul taneously having at | east one Sn-

GEUHRE RNMharsingle VY gEqP-alginating frﬁmmn asid.red/er agid anhvdﬂde are
conjugated acid of Yin a form 5 of HY, in which a

boydd dgensinglentimatomeand addeganio tin corspound hevigp.arp&n-Y bond
The process according to Claim 27, wherein the dialkyl

in whichca singlendikiybgriupl araba nunsbernagiéy gfoupsrgrigimeting from an acid
sel ected fromthe group consisting

and/or acid anhydride, the number of Y groups being selected from an integer
of 1 to 3, are bound to a single tin atom, by reacting the composition of
deactivated form of the dialkyl tin catalyst with the acid represented by the
following formula (3) and/or the acid anhydride represented by the following
formula (4):

HY (3)
{wherein Y represents Y in which pKa of a conjugated acid of Y in a form of HY,
in which a hydrogen atom has been added to Y, is 0 to 6.8);

YOY 4
(wherein Y represents Y in which pKa of a conjugated acid of Y in a form of HY,

in which a hydrogen atom has been added to Y, is 0 to 6.8, and O represents

an oxygen atom).

16. The process according to Claim 15, wherein the step (A) is carried
out while removing water generated during a use of acid in the step (A) by at

least one method selected from the group consisting of removal with a
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of a dialkyl tin conmpound represented by fornmula (7)
and a tetraal kyl 10 di stannoxane conpound represented
by formula (8): Y (7) R71 -Si-Y R8- (wherein R7 and
R8 represent a group originating fromthe dialkyl tin
catal yst, 15 and independeltly represent a |inear or
branched al kyl group having 1 to 12 carbon atons, Y
dekydrating bgeat, dlistilation isgpardtiongarid menibraneisepasationi n
catalyst or a group originating fromthe acid (HY)
and/ or acid anhydride (YOY), pKa of a conjugated acid
of Yin a formof HY in which a hydrogen atom has been

20 3gdeqnpOprbckss %&Srcﬁn% to gd?'% 62&%3)@' _(ilai'r'rjﬁﬁjﬂpl%”ﬂj@,n\i\(vh%egn the

represent an i1 nteger o i+ ] =
dBalsafion Teheodd shplsPd fofitioo sy Sy bord By efiriatho an alky
the dialkyl tin .17 tal yst,,..and.indepen I .
ol didin the | ddhetivatid ToanY RL nd RAd B D Calvel y yerein ¥
to 12 carbon atons, Y represents u rigi |0 .
represeRte’ i whieh pKa f am&%ﬁm@ %ﬁguga Bvﬁ@?%[}% i"'ﬂ&h'Ch a
fromthe acid (HY) and/or _ acid anh&dri de (YOY), pKa of
hydroges@ipinasbeer rdded torYi is Qi @Bk of HY in which a
hydrogen atom has been added to Yis O to 6.8, and Kk,

I, mand n respectively represent an integer of 0 to

2, k+1 =2 and m+

18. The process according to any one of Claims 9 to 12, wherein the

dealkylation reaction forms a single Sn-Y bond by eliminating a single alkyl
group from the trialkyl tin compound contained in the composition of the
deactivated form of the dialkyl tin catalyst to obtain a dialkyl tin compound
having an Sn-Y bond (wherein Y represents Y in which pKa of a conjugated
acid of Y in a form of HY, in which a hydrogen atom has been added to Y, is O

tc 6.8).

19. The process according to Claim 18, wherein the forming step of the
Sn-Y bond comprises reacting the frialkyl tin compound contained in the
composition of the deactivated form of the diakkyl tin catalyst with an acid
represented by formula (5) and / or an acid anhydride represented by formula
(6):

HY (5)
(wherein Y represents Y in which pKa of a conjugated acid of Y in a form of HY,
in which a hydrogen atom has been added to Y, is 0 to 6.8),

YOY (6)
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n =2). 10 29. The process according to any one of
Clains 14 to 26, further conprising, follow ng the
step (B), a step (I) of substituting substituent Y of
the dialkyl tin conpound having an Sn-Y bond with at
| east one type of substituent selected fromthe group
consi sting of an al koxy group, and acyl oxyl group and
(whkozip Y eepoeserits Y3i0. whibk pitzooies sonjagatedi acjd b YGha form of HY,
29, wherein the step (1) conprises: a step (I-1) of
i RiHEH angdogemMatshthad bsem added ne Y isl0abks B, hho O xépiesents
by hydrolyzing the dial kyl tin conpound havi ng an

Qp h? addi ng an aqueous al kal i ne sol ution; and
20 a“step (1-2) of reacting the conposition containing
the dialkyl tin oxide, obtained in the step (I-1)
wth at | east one type of conpound selected fromthe

gro copsi sting of alco arb [

Py arShen T Prasss s iigd yC et bh S, ishgBite acia andror
cont ai ning a generated water froma reaction |iquid.

the agid anhydrid Pd%@@”ﬁEBG% ﬁ569080 ai m 30, wherein the
aqueous al kal ine 174 solution is at |east one type of
aqueous al kal i ne solution selected fromthe group

consi sting of an aqueous sodi um hydroxi de sol uti on, an
aquetus Thet awecess rarocdingets oCiaimo20, awhergir olie ‘acid is a
pot assi um car bonate solution and an aqueous sodi um

hydrdizalogenisakiek i on. 5 32. The process according to
Caim30 or 31, wherein the step (1-2) is a step in
whi ch the conpound reacted with the conposition
containing the dialkyl tin oxide is alcohol, and a

di algey| fﬂégﬂié%égéié&o@?ﬂ@%‘gﬁal 29%% ché%cﬁﬁrs d R§drogen

process accor gto erein e step f

Haiigguci ng a

23. The process according to Claim 20, wherein the acid is an organic

acid.

24, The'process according to Claim 23, wherein the organic acid is a

carboxylic acid.

25. The process according to Claim 20, wherein a standard boiling point

of the acid anhydride is 300°C or lower.

26. The process according to Claim 25, wherein the acid anhydride is

acetic anhydride or maleic anhydride.
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carbonic acid ester conprises: a step (1) of obtaining

a reaction liquid containing the carbonic acid ester

by reacting carbon dioxide and the dial kyl tin

catalyst; a step (2) of obtaining a residual |iquid by
separating the carbonic acid 15 ester fromthe

reaction liquid; a step (3) of regenerating the

di al2Ry| Thenproeeas \accohling daanyngne loé Claimagidalo 268 whietein the
and al cohol, and renoving a generated water outside

didie/! wsdcﬁﬂﬁ)om hés 8We RlKyHgreipd enyiahting fiohe addialkigliin catalyst
tin catal yst obtained in step (3) to step M 20 34.

and HARMACRSS s ki aﬂgrﬁ Whid irfuBeheotli®y ﬁhﬁn?hﬁ |8h§PorRE Sn-Y
regenerating the di a kyI tin catalyst Trom

b?ﬂ&”ﬂﬁﬁ{e}e}lﬁ Y ﬂfgré tWH@hgﬂga}]BPE L{ﬂg?é‘% '&W ina form

I'n‘ca yst enera dur

o 5, FORRRY BBbdio i sl deztkin&Bon

reaction is carrled out after the step (2) and/or the
step (3), and 175 the regenerated dial kyl tin

catal yst is recycled and reused as the dialkyl tin

cat #Byst The precessegecaidingidooClaie 37 epvherpin 3be qir?ékvl tin
process according to Claim 34, wherein the step of 5
componnpd as ahlgasheone typekof carmpouad atlested fom theagroupiconsisting
uses the steps according to any one of Clains 29 to

oBZa adidlkiyh tivhi edmpelnsd | repesdented eby cfoemiuta a(7) aand oaytetraalkyl
group. 36. The process according to any one of C ains

d&t@ﬂ%x%aetc@rﬁ&:undl@pvésﬁrﬂe@byffsrrﬁulal(B);l tin catal yst

is a dialkyl tin al koxide coipound The process
according to a‘y one of Clainms 33 to 36, wherein thewy)
di al kyl tin catjalyst is a dialkyl tin al koxide
corrpoundR7_zm 1_§2 X3 and X4 of a

1

RY;
(wherein R and R® represent a group originating from the dialkyl tin catalyst,
and independeltly represent a linear or branched alkyl group having 1 to 12
carbon atoms,

Y represents a group originating from the dialkyl tin catalyst or a group
originating from the acid (HY) andfor acid anhydride (YOY), pKa of a
conjugated acid of Y in a form of HY in which a hydrogen atom has been
added to Y is 0 to 6.8, and

i and j independently represent an integerof Oto 2, and i + ) = 2);

Y R12
RS, s%. 0 Sln-——R”m 8)
R10l Y

(wherein R®, R'?, R" and R'? represents a group originating from the dialkyl tin
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conpound represented by fornula (1) and/or fornmula (2)
represent al koxy 15 groups: X ~ Rla SIX2d (1) | Rz2b
(wherein each of RL and R2 independently represents a
i near or branched 20 alkyl group having 1 to 12
carbon atons, each of X1 and X2 independently
represents at | east one type of substituent selected

chtalyst! Ard independently sepregentfa Bmear drdbranghed pikybgroup having 1
acyl oxyl group and a hal ogen atom a and b

t¢ngeﬂ¢|ﬂ@begtdmsrepresent an integer of 0 to 2 and a + b

= 2, and 25 ¢ and d independently represent an

i nt t

o g r%%gﬂt(s 2? g@&@ffi‘ '?'"%‘ﬁ'gr_fé.&?ﬁ‘ @g&%@l%tﬁﬁ:ﬁé@st& b group
e r l i

Oﬁg a‘ﬁﬁgd F‘E;ﬁﬁ%g%‘g@r; |%§8’%& BTZ casggﬁéap%ow’ gaca‘w of a

of . X3, and e entI pres | east _on

BYisea 2k of ¥ T B of 26 NafRhra Hyehtd oR8R has been

con of an alkoxy group, an acyl oxyl group and

agddg It‘ége'ﬁ%a‘%(ﬁ‘% ands 4 and h respectivel y represent

an integer of 0 to 2, e +f = 2 and +

38. krhempar@b@sesm%wehn rﬁgresentﬁanmeg\ar OfAHéeéﬁ K+ hv)e 2andm +

dial kyl tin catalyst is a dialkyl tin al koxide, and
NRi2).R2, R3, R4, R5 and R6 of the conpound

29. The process according to any one of Claims 14 to 26, further
comprising, following the step (B), a step (I) of substituting substituent Y of the
dialkyl tin compound having an Sn-Y bond with at ieast one type of substituent
selected from the group consisting of an alkoxy group, and acyloxyl group and

halogen atom.

30. The process according to Claim 29, wherein the step (I) comprises:

a step (I-1) of obtaining a composition containing a dialkyl tin oxide by
hydrolyzing the dialkyl tin compound having an Sn-Y bond by adding an
aqueous alkaline solution; and

a step (I-2) of reacting the composition containing the dialkyl tin oxide,
obtained in the step (I-1) with at least one type of compound selected from the
group consisting of alcohol, carboxylic acid and hydrogen halide, followed by

removing a component containing a generated water from a reaction liquid.

31. The process according to Claim 30, wherein the aqueous alkaline
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represented by the fornmula (1) and/or the formula (2)

simul taneously 15 represents a n-butyl group or a

n-octyl group. 39. The process according to any one of
Clains 33 to 38, wherein the alcohol is an al cohol
represented by the followng formula (9): RL3CH (9)

20 (wherein R13 represents a |linear or branched al kyl
sglutiop ibaati legstt one §peavhaqueans @kaling 7solution selected from the

group consisting of an agueous sodium hydroxide solution, an agueous
potassium hydroxide solution, an aqueous potassium carbonate solution and

an aqueous sodium carbonate solution.

32. The process according to Claim 30 or 31, wherein the step (I-2) is a
step in which the compound reacted with the composition containing the dialkyl

tin oxide is alcohol, and a dialkyil tin alkoxide compound is obtained.

33. The process according to Claim 6, wherein the step for producing a
carbonic acid ester comprises:

a step (1) of obtaining a reaction liquid containing the carbonic acid ester
by reacting carbon dioxide and the dialkyl tin catalyst;

a step (2) of obtaining a residual liquid by separating the carbonic acid
ester from the reaction liquid;

a step (3) of regenerating the dialkyl tin catalyst by reacting the residual
liquid and alcohol, and removing a generated water outside the system; and

a step (4) of recycling the dialkyl tin catalyst obtained in step (3) to step
(1).

34. The process according to Claim 33, wherein the step of
regenerating the dialkyl tin catalyst from the composition of the deactivated
form of the dialkyl tin catalyst generated during the step for producing the
carbonic acid ester by the alkyl group redistribution reaction and/or the

dealkylation reaction is carried out after the step (2) and/or the step (3), and

175




10

15

20

25

the regenerated dialkyl tin catalyst is recycled and reused as the dialkyl tin

catalyst of the step (4) and/or the step {1).

35. The process according to Claim 34, wherein the step of
regenerating the dialkyl tin catalyst is a step which uses the steps according to

any one of Claims 29 to 32 and in which substituent Y represents an acyloxyi

group.

36. The process according to any one of Claims 1 and 33 to 35,

wherein the dialkyl tin catalyst is a dialkyl tin alkoxide compound.

37. The process according to any one of Claims 33 to 36, wherein the
dialkyl tin catalyst is a diatkyl tin alkoxide compound, and X', X?, X3 and X* of a
compound represented by formula (1) and/or formula (2) represent alkoxy
groups:

x1.
R!, ——Sn—X?, (1)
R%,
(wherein each of R' and R? independently represents a linear or branched
alkyl group having 1 to 12 carbon atoms,

each of X' and X? independently represents at least one type of
substituent selected from the group consisting of an alkoxy group, an acyloxyl
group and a halogen atom,

a and b independently represent an integer of 0to 2 and a + b = 2, and

¢ and d independently represent an integerof 0to 2 and ¢ + d = 2);
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R3, Sn——0—8n—~R?, (2)

(wherein each of R® R* R® and R® independently represents a linear or
branched alkyl group having 1 to 12 carbon atoms,

each of X and X* independently represents at least one type of
substituent selected from the group consisting of an alkoxy group, an acyloxyl
group and a halogen atom,

e, f, g and h respectively represent an integerof Cto 2, e+ f=2and g +

h=2).

38. The process according to Claim 37, wherein the dialky! tin catalyst
is a dialkyl tin alkoxide, and R', R?, R% R* R® and R® of the compound
represented by the formula (1) and/or the formula (2) simultaneously

represents a n-butyl group or a n-octyl group.

39. The process according to any one of Claims 33 to 38, wherein the
alcohol is an alcohol represented by the following formula (9):

R"OH (9)
(wherein R represents a linear or branched alkyl group having 4 to 8 carbon

atoms).
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